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INTRODUCTION 

In response to a request of January 4, 1978, by Robert Courchaine, Chief, 
Water Quality Division, and Roy Schrameck, District I Basin Engineer, a 
water and sediment sampling survey was performed January 6, 1978, on the 
settling lagoon system of the Pennwalt Corporation's West Plant located 
in Riverview, Michigan and Monguagon Creek. Monguagon Creek serves as 
the primary mixing zone and conveys Pennwalt's chemical waste and process 
waters to the Detroit River from Outfall 006. The request was in response 
to PEAS incident number 1445-77, in which Pennwalt lost an excessive, but 
undetermined quantity of zinc-dibutyldithiocarbamate (dibutyl ziram) on 
December 31, 1977 (Schrameck, 1978). 

I 

The primary purpose of the survey was to determine the extent of the loss 
of-diLiUtyi /irdiii considered a mutagen and toxicant to fish. Dibutyl ziram 
is used in industrial processes primarily as a vulcanizing accelerator. 
The Department's Office of Toxic Materials Control (OTMC) provided 
information pertaining to a structural analogue zinc dimethyldithiocarbamate 
(dimethyl ziram) since little information was known or available for 
dibutyl ziram. Dibutyl ziram, a structural analogue of dimethyl ziram, 
was considered to exhibit similar toxic and mutagenic properties as 
dimethyl ziram. 

The chemical evaluation on dimethyl ziram by OTMC places the compound on the 
State's Critical Materials Register owing to its moderate toxicity and 
mutagenicity to wildlife as well as a 96-hour LC 50 value of 0.008 mg/l for 
fathead minnows (McKee, 1971). Another characteristic of this compound is 
that it is practically insoluble in water. It eventually breaks down in soils 
under weathering conditions and, therefore, presumably under aquatic conditions. 
Little is known as to the rate of breakdown associated under aquatic conditions. 

The eventual breakdown products include amines, carbon disulfide (CS2) and 
zinc (Zn). Information from OTMC indicates the latter two are also on the 
Critical Materials Register. Analysis for the amine by-product was not. 
performed whereas Zn and CS2 were used as indicators of the dibutyl ziram 
compound. 

a. CSj is slightly soluble in water at 20°C and exhibits a 96-hour 
LC 50 of 35 ppm for perch (Dawson et al, 1970). It is extremely 
volatile and flammable. Overall, CS2, itself, is considered 
extremely toxic, in both aquatic and terrestrial conditions. 

b. Zinc, another primary breakdown product, is considered toxic to 
aquatic life with reported 96-hour LC 50 values of 12.5 ppm for 
bluegills (Dawson et al, 1975). It, as well as the parent compound, 
is considered to have toxic, mutagenic and carcinogenic properties. 

Again, for purposes of this survey and data evaluation, dibutyl ziram is 
considered to exhibit the same characteristics as dimethyl ziram including 
toxicity, carcinogenicity and mutage.-iicity. 



PROCEDURES 

The following individuals convened at the west plant for the sampling 
survey on January 5, 1978: 

*C. W. Gullickson - Pennwalt Corporation 
Roy Schrameck - District I, Water Quality Division 
Brian Reicks - District I, Water Quality Division 
Mike Kramer - U.S. Coast Guard 
Dave Page - U.S. Coast Guard 
John Wuycheck - Biology Section, Water Quality Division 

*Mr. Gullickson was present only during the in-plant survey (Stations 1-7) 

Sampling stations (Figure 1) were selected that ootentially had been involved 
in the subject incident of December 31, 1977. Observations (Table 1) were 
made as well as the collection of water, foam and sediment samples in an 
attempt to document the loss of dibutyl ziram and determine the area of 
influence (Table 2). Analyses for other potential contaminants (Table 3) 
were also performed. 

Water and sediment samples were collected at all stations whereas foam samples-..,, 
were collected at Pond 1 (Station 2) and Pond 4 (Station 6 ) , only. The foam 
samples were taken for comparison with samples taken during the subject 
incident (December 31, 1977). The analytical value of the foam samples was 
not realized at the time of the survey. Both water and foam collections were 
stored in 250 ml glass jars. 

Sediment samples were collected at each sampling station from depositional 
zones where the dibutyl ziram, having a specific gravity of 1.6, was 
considered more likely to have been deposited. The samples were taken using 
a cylindrical plastic scoop attached to a 3 to 6 m extendable handle. An 
apparent beige colored material had been deposited onto the sediment surfaces, 
particularly noticeable in Monguagon Creek that was considered attributable to 
the dibutyl ziram loss. Samples were taken from the upper 5.0 cm of sediment 
surface in an attempt to maximize the concentrations of this beige colored 
material. It was unavoidable, in taking the samples, to collect a significant 
amount of older sediments along with the more recent deposits layed down 
during the subject incident. 

At each station at least 5 sediment scoops were composited in a white porcelin 
pan from which three aliquots were removed. Two aliquots from each station 
were each placed in a 250 ml glass jar for organic analysis with the rer',aining 
aliquot placed into a 250 ml plastic whirlpack for metals analysis. 

Precautions were made to prevent cross contamination between sampling sites. 
All samples were stored at 4°C and returned, for analysis, to the Department's 
Environmental Services Division Laboratory using chain of cus tody procedures. 
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RESULTS 

Indirect analysis for dibutyl ziram was made using a CSj evolution method 
(Keppel, 1971). Zinc analyses were also performed and with background 
levels substracted dibutyl ziram concentrations were determined. Equivalence 
factors (Table 2) were determined in order to calculate equivalent dibutyl 
ziram concentrations based on the CS2, evolved and the zinc present in each 
sample. 

In none of the samples was there any "free" CS2. All the CS2 determined for 
each sample analyzed was released from the dibutyl ziram in each sample by 
hydrolyzing each sample at the laboratory. The generated CS2 was then 
trapped and quantified. 

Survey results (Table 2) for water samples obtained from Outfall 006 
(April 5-6, 1978) by the Department's Point Source Survey Section (Boersen 
and White, 1978) provided needed zinc and carbon disulfide background information 
(Table 2) that reflects zinc and carbon disulfide concentrations in the 
effluent uninfluenced by an ongoing dibutyl ziram production process. The dibutyl 
ziram production process had been shut down shortly after the subject incident and 
the background data represents levels of zinc and CS2 attributable to other 
processes and/or influences by existing sediment conditions in the treatment ponds. 

Table 4 represents zinc concentrations from the Company's MOR records that, 
more than likely, reflect influence by the dibutyl ziram production process. 
These concentrations in the effluent were discharged throughout the year 1977 
and January 1978. MOR analysis results of water samples indicated zinc 
concentrations exceeding those levels observed during the dibutyl ziram loss. 
Table 5 indicates the total lbs/year of ziram (both dimethyl and dibutyl ziram), 
zinc and carbon disulfide reportedly discharged by the Company for the year 
1977. This background information collectively provided a basis to evaluate 
the water analysis data collected January 5, 1978 and accurately determine 
the concentrations of dibutyl ziram in the water samples. 

Based on observations alone, at least 15% to 25% of each sediment sample 
collected from Monguagon Creek was composed of the beige colored precipitate 
that was attributed to the dibutyl ziram loss. Corrected estimates of 
dibutyl ziram equivalents associated with the sediments are based on 20% of 
the sediments being the beige precipitate (Table 2). 

Other parameters measured in the water, foam and sediment samples are presented 
in Table 3. 

1. High concentrations of Zn and evolved CS2, used as indicators of the 
presence of dibutyl ziram, were determined for the combined water-
foam samples of December 31, 1977, taken from Ponds 1 and 4. These 
samples indicated that flows were high and that the treatment system 
was unable to cope with this situation since CS2 and Zn concentrations 
were the same at both stations. No samples were taken in Monguagon 
Creek at that time. 

2. January 5, 1978, samples of ihe combined water-foam samples of Ponds 1 
and 4, when compared with the December 31, 1977 samples, showed 
CS2 to be reduced by 80% and Zn concentrations reduced by 50% in 
Pond 1. In Pond 4 concentrations of CS2 were only reduced by 50% 
whereas Zn concentrations doubled. 

-3-



3. In water samples taken below Outfall 006 in Monguagon Creen CS.. 
was obtained in samples taken at Jefferson Avenue during the 
January 6, 1978 survey that indicated the presence of dibutyl 
ziram in concentrations of 1.75 mg/l. 

4. Zinc in the water samples of January 5, 1978 indicated dibutyl ziram 
equivalents of 13.9 mg/l existed, after the loss, at Bridge Road 
just above the confluence with the Detroit River. 

5. Zn and evolved CS2 concentrations were highest in the foam fraction 
samples indicating dibutyl ziram equivalents of 23,360 mg/l and 
155 mg/l, respectively in Pond 4. 

6. The foam samples also contained the highest concentrations of the 
other chemical parameters measured with the exception of phenols 
and ammonia which appeared to be in equilibrium with the water 
fraction. 

7. CS2 evolution from the sediment samples at the 2nd railroad bridge, 
just below Outfall 006 indicated dibutyl ziram was discharged into 
Monguagon Creek. The absence of CS2 evolution from sediment samples 
of Jefferson Avenue and Bridge Road indicated that the dibutyl ziram 
compound had disassociated from the precipitate with eventual releast 
of the CS2 into the atmosphere from the water column. 

8. A sample of frozen foam and settleable solids deposited on a 
structural beam of the 2nd railroad bridge (Station 8-A) ca. 61.0 m 
below Outfall 006 contained 98,000 mg/kg dry weight of zinc. This 
material similar in appearance as the beige precipitate was believed 
to have been deposited during the receding water conditions occurring 
after the increased water levels and flows observed during subject 
incident (December 31, 1977). This material was composed primarily of 
zinc and contained no CS2 more than likely due to breakdown processes 
occurring during the 5-day period between the subject incident and 
the January 5, 1978 survey and eventual evolution. Based on zinc 
concentrations alone, estimated concentrations of 715,400 mg/kg dry 
weight of dibutyl ziram were at one time present at this location. 

9. Sediment samples from Ponds 1 and 4 showed that the sedimentation 
system does reduce the concentrations of heavy metals and other 
measured compounds discharged from Outfall 006, but that sediment 
concentrations of total copper, chromium and nickel were moderately 
high with high zinc levels throughout Monguagon Creek to the 
confluence with the Detroit River. (Based on EPA contamination 
criteria for polluted spoils). 

10. The sediments throughout the Company's treatment system indicated 
high concentrations of CS2 considered attributable to the dibutyl 
ziram that precipitated to the sediments during the period between 
December 31, 1977 and Junuary 5, 1978. 

11. The extensive foaming observed on December 31, 1977, was not evident 
during the survey of January 5, 1978. Foan accumulations were 
limited to the Company's Pond #4 as well as the slack water areas and 
surface skimmers on Monguagon Creek at Jefferson Avenue. 
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DISCUSSION 

On December 31, 1977 dibutyl ziram was discharged to the Company's 
settling pond treatment system involving a surge of process water 
resulting in excess foaming. This observed (Schrameck, 1978) surge 
of flows and foam productions resulted in a significant reduction in 
residence time necessary for treatment and containment causing excessive 
discharges of dibutyl ziram contaminated foam and precipitate to Monguagon 
Creek and Detroit River. 

The dibutyl ziram lost during the subject incident (December 31, 1977) did 
not immediately enter the water column but was incorporated into the foam 
fraction at an estimated concentration of up to 10,950 mg/l based on zinc 
concentrations in foam samples taken at Outfall 006. Based on the water and 
foam samples, it is indicated that the treatment system on December 31, 1977 
was unable to prevent the discharge of dibutyl ziram since extensive foaming 
was observed in Monguagon Creek. It is, therefore, indicated that dibutyl 
ziram at concentrations of at least 10,950 mg/l was discharged from Outfall 006 
during the observed high flows of December 31, 1977, primarily in the form 
of foam. 

The January 5, 1978 survey showed that the dibutyl ziram and/or breakdown 
products, zinc and carbon disulfide, were still associated with the foam 
fraction and that the disassociation of dibutyl ziram, as indicated by the 
reduced concentrations of CSa, was occurring. 

Zinc concentrations had increased in the foam fraction samples taken from 
Pond 4 on January 5, 1978 when compared to the earlier samples of 
December 31, 1977. Presumably this was due to decreased flows and turbulence 
observed on December 31, 1977, along with the loss of gasses from the foam 
matrix over the time interval. Based on water, foam and sediment samples 
from the inplant sampling orogram (Stations 1 through 7) the dibutyl ziram 
discharged from Outfall 006 was indicated to have been primarily associated 
with the excessive foam produced. 

Once discharged to Monguagon Creek the foam containing dibutyl ziram began 
to breakdown and precipitate from the foam fraction due to reduced flows 
and reduced turbulence. The dibutyl ziram in the foam complex then 
precipitated into the water column producing the observed beige precipitate 
that eventually covered the darker, older sediments. 

The breakdown of dibutyl ziram appeared to have begun while in the foam 
complex but also appeared to have taken place primarily after the dibutyl 
ziram had precipitated into the water column once flows had decreased. 
The precipitate then underwent further disassociation with the CS2 fraction 
being released to the water column and eventually to the atmosphere due 
to its low solubility and high volatile characteristics. This phenomena was 
reflected by the apparent reduction or complete absence of CS2 in the water 
and sediment samples taken at Jefferson Avenue and Bridge Road Downstream 
of the discharge. 

Compared to Company 1977 MOR water analysis data, zinc concentrations in their 
effluent often exceeded levels documented during this subject incident and 
indicates loss of undetected incidences that potentially involved dibutyl ziram. 
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RECOMMENDATIONS 

1. That Pennwalt Corporation be held accountable for violating their 
NPDES Permit by discharging excessive foam and suspended solids that 
contained the toxic material dibutyl ziram during the December 31, 1977 
loss. 

2. That the Pennwalt Corporation seriously consider the implimentation of 
a foam fractionation process in the treatment of their process waters. 
Based on this survey, the foam fractions contained appreciably higher 
concentrations of the parameters analyzed than did the water fraction. 
Therefore, intentional foam production and removal would significantly 
improve the quality of the effluent discharged to Monguagon Creek and 
Detroit River. 

3. Considering the exotic nature of the materials used and produced by 
Pennwalt Corporation, a more thorough examination of effluent limitations 
should be performed by the Department in order to determine a proper 
effluent management program by the Company. 

4. The Department should have Pennwalt Corporation dredge and properly 
dispose of contaminated sediments from Monguagon Creek. Since Monguagon 
Creek is potentially inhabitable by aquatic life including fish and 
macroinvertebrates the existing contaminated sludges and sediments would 
provide unsuitable and potentially toxic habitat. 

-6-



* - * - - - ^ . - ^ ^ M t m 4<*»4J0 

I/) 

-
c 
o 

• p -

o 
<•-

„ •—> 

0 0 
+J r.» 
(O <Ti 
L. 
O 
o. 

^^ 
« 

• 
—̂̂  t ^ 
f««. 

I - m <Ti 
o 
o 
• ( -> 

—̂ 
<w 
2 
c 
c 
a; 
a. 
%-
o 
U1 
c 

> 1 

s. lO 
3 
C 
fO 
•n 

—̂ 
.» r— 

CO 

s_ 
O) 

J 3 
F 

> . OJ 
(U 

> 
w 
3 
(/I 

o ^ 
•^ 
*-> (O 
•«-> 

1/) 

O l 
c 
•^ 
—̂ 

<u 
(V 
s. 
o 
c 
o 
O ) 

o 
<u 
o 

F 
(O 
s-
.^ N 

1 ^ 

>̂  +-> 
3 

10 S i 
3 ^ Q. O i T J 

c: 
ITS 

C 
O M-

t J ^ ^ 

r l 

<u 
i -
3 

cn 

O 



c 

01 
3 
c 
o 

O 
a . 

o 
o 

X 
c • 
C E 
01 'O o. u 
0 1 >M 

0 3 
. c > » — 

01 "o > 
1 . >.-

3 O 

OI 
t en 
O) V. 
*.< -3 
'D J Z 
X ^ 

*/» 
• o • . -
C T3 

c •-> 
Oi l -
E O — a. 

•D o 
O 1-

JO. 

5 O 

'-• V-

— c 
o 
t/> » 
1/1 CO 

l/l •— 
C 
o -

— l/> 

« >. 
> 1-
t . n} 
«< 3 
iA C 

I .^ 

e - o -» <u -o 
fO w « j o 3 Of 
L. - . - OL 4-' 

• • - O 1- I i . C « 
iM u o o o ..-

« - . - O " - o 
— 01 U £ o 
>>C3 O i 01 2 •/< 

• J W trt 
3 • •/< 4 i >« « 

. O 01 01 S OI 
- . - 3 •-> > E 
T3 C 3 Ul I - fO 

01 C 01 3 O 
Of > • - .— I A ' * - X . 

• J E 0* c 
C >/l •« . C 0) O 

i - o irt t J M e g 
O VI Ul o • • 

X - I . - a I . c I . ^ 
01 c 01 •— H- •— 

" O •«- O 4-> 
o< >v- a . >a wi 01 
i f l 0> X T3 JC • • 
3 " 0 >» C 4J 0) 

I . -O O E 
Ul • t l c a . H - •— 
5 :« > lo o ( -
X O > i 

' ^ u U l . — a ; 
. C (*1 t ) * J c I . • 
<-) VO I . C O 3 E 

.— ao o; *-> .o 
£ ~ ^ a E 0) i f l a< 
X £ H - . C c • J 

c w -o «-> 
• O 0) 0 ( 1 . 

O •— O u l - . C 01 
e ^ < j 4^ * ^ ^ j I - ' 
•fc .» i t at 3 

U Ul .C .— O ro 
e n o — t - C 4-> . c 
C Q . O •— 

•r- u — CT. a» 
• o o u • • o C w 
•— k J t i Ul C — Ul 
- . - * J 4J O X « 
3 ~ O Q Q . O X 

CD O = = 
U U 4-> U 01 

wi -o -a t J l/l o J : 
Ul C CJ * J 0) •— t-> 
0( O I - lO X o 
O I J O O > i 
o > s s -a J3 
I - c o t . c c 

O L O U 0> lO • . - - o 
•— CJ > i> 

1*- < j ; . O 4J 0) ^ ^ 
O 3 u 01 C7> U 

.~- - 3 01 • 1 - 0) 
* J . ^ Cj I . •<-> 0) .— 
U> O C" 3 . O r -
Ol C^ W i . O O 
X i n -O VJ 

0 J . C - . - 4 J . . -
*-> C U .— Ul JQ O I 
"•• •— . i 1 . n3 1- t ; 
3 U - fl OJ 3 -•-

• ^ Tj " 3 a ; 4J o 
< : o) J 3 

T ) -O 3 1 ^ Ul 
o> or c c ^-* (0 4-> 

* J - c J : - . - X c 
fl < j I . j z at 
U >^ 3 <-• - • -O 
O S, i -o o c — 

<— ^3 .= . a o o 
> - Ul Q. C 

u ; c fl E • ' -
E o o a> 
01 — • ^ I . .C * J 

Ul fl 0< or or 
X ! . f v X C " ^ 
Ul OJ c 01 • . o 

c ^ c : Ul J . : - a 3 
^ : ; T fl fl <u Ul 

* j I . 
C i v C CTl 0» 0) 
- - • : c Ul > J : 
fl 01 — . . - 0) O 4J 

>— > — • — , — o 
o . c Q. a . j c 

P U <-> E E u 4J 
X ( U - fl fl u -

>— I - ac Ul Ul •>- X 

c 
•O 01 
C J t 
fl fl 

4 . * 
U l 

C 0/ «> 
« O l 1-

4- 01 
. c fl X 
w £ 
•»- u .^ • 
X >i 01 1 ^ 

• — r — * 

Ul T3 Q . 

— e -o C • J fl c 
0 ; fl Ul o 
E 0) a . 

. . - .C w 
• a C O 
01 o 01 .-» 
Ul t J E c 

et o -5 " 
- • i 3 01 - a 
' ^ TD Ul 01 
•— c n 

1 . J T3 i -
l . C 01 fl 
t 11 * J . c 
* J t 3 . . - k j 

•.- Ul Ul 
•D > O -
C 01 Q . - 0 
13 fi 

Ul o J : 
> l fl <_) u 

. - S " -
• ' - J ; 
O I - • 3 

Cl 01 
13 > U *-» 
01 o fl 01 
c u >*- .— 

• ^ I . 4J 
fl 01 3 3 
4-1 U Ul O 
c -.-
C I . Ol 
U O 01 . c 
• Z 4-^ «-> 

fl 
.— X I -
ae • fl 

O 01 01 
T? u JC C 
C fl 4-1 
O <«- 01 

CL U 4-1 .— 
3 fl w-

Ul Ul * . . 
fl C fl 

Ul o j a 
C - 01 
O I . u l 01 

. . - l l •— 
4 j » j m CT, 
fl fl . o c 
1- X 
O -D Ul 
C^ 01 — 
1- .C 3 Ul 
O 4-, O -

<_1 u - o 
c c 

4-1 O Ul O 
f— 01 Q. 
fl = .— 
5 . - J3 01 
C — J3 J= 
C 1*- 3 ..J 
CJ .Q 
o- >. X s: 

^ Ul O < 
> , — fl .— 

. o o O l 01 LTI 
-O «T 

• c - a < -
Ol O fl T3 — 

4-> - J c C >— 
fl fl O fl 
c . ^ - ^ 
cr- u Ul 01 •• 

— o fl > Ol 
Ul Ul u O c 
or Ul u .£3 •— 

O fl O fl 1 -

01 
£ 
4 J 

c c 

• a -
01 Ul 
> 41 

.— 4J 
O Ul 
> fl 
c X 

Ul -
>H Ul n 

. - ^ O l « 
4J O 
o o "O 
01 1- c 
1 . O . O 
-.- a. 
• ^ o 

— o 4-1 .— 4-1 

o o 
c c -o 01 01 
Ul j : o ' 
m a . i . 
X "O 

• O J : 
4-> C U 
•»- fl Ul 

Ol VI "O 
U i -
C O > i 

• ' - 3 .— 
Ul C — 

. . - fl 
•O .— 3 
01 4-1 

•— ^ c 
d . o 01 
E fl > 
fl 1— 01 
Ul . a 

. c 
4J TJ O 
O 01 • ' -
c c .c — X 
Ul fl 
fl 4-> VI 
X c ^ 

o .<-
CM <J O 

•O T3 
•a c <u 
C O 4 J 
O O . fl 

Q. 1 -
Ul 4-1 

T3 - r - C 
01 £ 0) 
4-> »— O 
fl c 

c o O l • CJ 
- . - 01 
Ul O l o 
01 k. 4-> 

T3 fl 
. C J . 

X O « 
C Ul — 
fl ' . - * w 
c - o E 
E • ' -
O E M 

U fl 
V. • 

01 -r- 4) 
. C IM U 
t - c 

—̂ fl 
.>!«-• • 4J fl 

01 3 01 
* J | . 0 Q . 

ol-.- o. Z -O fl 

< J 

c t-
Ol o 
E "» . 

•4- T J 
• o C 
«1 fl 
v» 

E 
•0 fl 

1 . 
E — 
O N 
1 . 

<»- r -

>» C 4J 
at 3 

J < J 3 
fl - t -

4-1 -O 

01 01 < 
I . . O 
01 o 
X o i n 

4J . . 
V I .— 
o» - o t -

•— 41 
• • E 
E 3 . . 
fl Ul 01 
VI 01 E 

k. - ^ 
4-> 0 . » — 
c 
01 » -
E "O • 

- 1 - - . - 41 
•O 1 - Ul 
01 01 fl 

VO 4-> . O 
fl 
E 4J 

. c 
n «•- Ol 

*• ° 3-
T3 J . -O 
C O) 01 
O > . U l 

a . fl 
•— i . 

O 01 
4-1 01 .:>< 

4-> U 
4-> - ^ fl 
01 . c - o 

r - X 
C 4> 

•r- n ^ 
4-1 

0) «71 
. C C O l 
4.1 — C 

C • ' -
4-) — > . 
fl fl fl 

4-1 ^ -
C C 1 . 
01 O 01 

-^ o > fl O 
4-1 -.-> 

0) • 
01 >— VI 
i - C 4.1 
01 -T- <J 
X 3 

Ol - o 
Ul . C O 
91 * J t -

•— Q . 
Q . W 
E 'O c 
fl 01 X 
VI c o 

•o 
U fl -X 
01 4J fl 
4-> . - 41 
fl 01 u 

3 -O JS 

fl 

T J 
41 
4J 01 
• — . C O ) 
. O 4J Ul e 
..- O o 
. c m £ I . 
K C 4-1 1 * . 
4( . . -

1- c X S 
o 01 fl o a . 
Ul > J : » -

. - O 4 . n » . r » 
fl u o 

i . 4» " 
Ul VI 01 J= (M 
4J 4-> X ^ _ 
c u o 
01 3 r -
E • o • • • 

- ^ O OJ > , 01 
- o u w 01 E 
01 o . a> > - . -
Ul 2 U » -

C 3 
01 X TJ VI 
.c o c +-* TJ O 01 ^ 

J < Q . . C i fc 
• fl 4J 

f n 01 OJ - o 
* ! t . -C o c 

-O 4.1 4J O 
T3 Q . 
c u 5 s. 
O O O 0 £ 

Q . • -» i . — 4J 
T J •«- 1 - - r -

14. C o . X 
O fl Ul 

Ol j ^ i -
o i E 4 j o 01 

<— rJ fl 01 C 
«•- 1 - t E c 
t - — fl fl 
fl IM 01 1- - C 
-o c ix: u •— I . <J 
4-> >» fl U l O 
01 4-1 £ c 

.— 3 O > , . . -
4-1 . U Ul O 4J 
3 - r - - , - OC (J 
O T J T ) 01 

>. c 01 OJ Ol . o c 
- c -Q j ; o 
4J »~ 4J U 

O c 1 
4 ; *-> 01 I . 
> • TJ 0) 
O T J *-* - . - 4-1 

J 3 Ol fl o C 
fl E - ^ c - ^ 

3 W - . -
4-1 Ul Ol 01 
Ul Ol 4.J 4-* - O 
3 1- fl U •»-

• o Q . 6 OJ X 
1 - J 

E i— 01 J3 E 
O fl C I 3 
1 - — T ) U I O 

<*- I . 3 
OJ .— 41 M 

C 4-1 u i j c 
01 n) 4-> fl 

• ^ E - x 
fl U O I T J 
4-1 "4- fl C 01 

O •— t - \ . 
01 -O 1 . 01 
S- S- 3 4J 
01 OJ c n - o c 
2 > | C 4J 

fl - ~ T3 
VI >— s% OJ « n 
OJ • - - > « i 

)— OJ w u 
O . -W OJ OJ T7 
E • - T J VI C 
fl.CC.0 0 

l/> X 3 O O L 

n 01 
- » X 

OJ 
T J C Ul 
C < 
O : 
a. O 

• <n 
• t - t . 
O 01 M >•-
4-> fl > . 
OJ — c 

^ - fl 
4.1 T ) a . 
3 0* E 
0 I . O 

0 u 
01 — 
. C O «J 
4 J U - C 

X *> 
.— CI S 
41 - r - U 

X J f - >»-
E « 4J 

4J 
O .C <« 
«n <-• c 

• " X O l 
fl - . -
u e k 

— o 
- <o 

«r —̂ O 
^ V 4 J 

OJ 
T J > " O 
C O OJ 
« E 

VI 3 
n 4 J VI 
V C VI 

01 10 
Ul E 5 ! 

T J • ' - Ul a . 
C T J fl 
0 01 X m 

a . Ul CM 
c •• 

O l . ^ O CM 
C I . •— .— 

- . - « 4-> 
4 J T J U 
U 01 • • 
01 >» .— 01 
C . Q ^ E 
C O - i -
O TJ <J I— 
U OJ 

N « -
C -.- O • 

— U OJ 
fl 01 4J > 

c u 
4> O 
OJ .— 
k o 
O l O 4J O 

J= 4-> 
OJ Of «.< 
k O l I . 
01 - . - T J O 
X OJ OJ - . -

. O 4-1 U 
Ul C O . 
U fl (U 
41 w, u , 
4.1 £ 41 4J 
fl 4J i . «J 
X •<- Q . 3 

X OJ T l 
41 •- U O 

-C VI u 
t - <0 t . Q . 

41 41 I 
• - X I > , 

• « E . O 
01 fl 

— 4J j ; - o 
"»- 4J <J C 
"*- - ^ <0 
fl 3 V I 

. O O - - . - VI 
J C 4 J 

* > C 4J «.> 
VI . ^ V I 
i . •ITS fl 

• ^ T J C X 
i * . OJ fl 

OJ OJ 
JZ > 
* J O 

u 
4J 
fl 4J 

c «»• •.-
« i O 

ex 
T J 
C Ul 
o -
o. .c 
O 4-1 

fl 

I- o> 
t - c 

01 4-1 
c c 
O 41 

i . i . 
41 01 

• o o 

« 01 1 -
JC fl 
• J J : 
_ (J 
E 
O fl 
I . 0) 

V4- I , 
10 

c 
01 .— 

J< fl 
fl c: 
4-1 o 

• r -
41 4J 
s . — 
01 Ul 
X O 

o. 
Ul 01 
O TJ 

CJL « 
E 
fl e 

t o - r -

-^ u 
O Q 
o . 

01 
01 c 

. C -r-
4-1 E 

< 01 
> 1»-
o o 
-o 
fl 4-> 

U l 
E 10 

01 
O 

• -o 
CM 01 

4 J 
C l n j 
C (J 

• - o 
r— r— 

OJ OJ 
X C 
o.-»-
3 r -

3 

01 
. c 
4-1 

E 
o 
u 

n-

c 
01 

-̂  fl 
4-1 

01 
I . 
01 
X 
V I 
OJ 

a . 
E 
fl 

C/1 

X 

U l 
U l 
OJ 
u 
o 
i . 
Q , 

r -
fl 
U 

E 
01 

J : 
u 

41 
J : 
* j 

o 
4 J 

01 
3 

T3 

Ul fl 
T J O 

"o S 
VI U= 

CJ 
T3 
OJ <»-

r - O 

4J T J S 
OJ - ^ CL 
VI fl 

I . i n 
OJ >»«»• 

.c e •• 
4J CM 

VI ^ -
a j -> >. 
0 c • • 

.LJ fl OJ 
fl O L E 

E ' -
E O l — u 

VO 
. 4 j . 

CM J = J < 
4-> OJ 

OJ 
fl t - I . 
u o (-> <»-
Ul c : 
fl OJ o 
X u C l 

3 fl 
JC 4-> 3 
4-1 O O l 
O . 3 C 
01 s- o 

T J 4-1 s : 
Ul 

i . o 
4J 4 J 4 J 
4-> C 
fl OJ OJ 

OJ fl lO 
. C OJ - C 
I - 1 - o 

E <o 
fl C OJ 
O •<- J C 

13 C 
c o 
fl 

wi c 
C fl 
O C7> 

» j J : 

o. u 
^ £ 
u 
u l • 
OJ X 

• O OJ 

c > 
O L. 

. . - 4) 
4-1 > 
fl - i -
<-> CC 

o a. c 
fl 

c 
•o 

I 
c 

c « c 
fl 

3 

cr 
c e 

o 
c 
o 

c 
o 

c 
o 

c 
o 

c 
o 

fl 
fl 

I / ) 

fl 
*<l 3 fl fl 

• J 

http://0J.C-.-4J
http://fl.CC.0
http://0


Ol 
3 
c 

c 
o 
u 

«1 

JO 

-5w 

41 

• ' - E 
a t .X 

cr 
c 

F. 
fl 

1/1 

t . 

c2 
V I fl 4> 
fl -C I . 
3 U O 
O l > -
c aj o 
o £ w 

<•- «- e i 

« 
M 41 . a 

« j i > - * 
4.1 « - ^ * 
fl « . o 
S . a <« 

-o « i 
<e 4f u 
OJ 4.J . . • 
j z at ** 

u o 
«J u c 

£ c 
* i O £ 

u *> 
T3 •»• 

Ii*. 
O -r- WI 

H . I , - 01 
f OJ M 
U £ fl 

— 4rf » 
f 
X X VI 

O WI 
• . - 4J 

<k .C O 
t . 

• « -O CL 
c c 
O « ' -

a . fl 
41 u <•- > -̂  

0 o g 
£> 41 

W fl £ 
OJ u 

^ 4-1 
4.1 VI O 
3 3 4 J 
© • ^ 

O l 
01 E e 

£ o T -
4.1 >• X 
01 
> -o c 
O 01 01 

. O 4J 41 
fl-r- V. 

VI C I 
4J O 
VI cn. VI 

d 01 
u u 

<<- 4 1 
X 

c 
OJ V I 

J ^ 4-1 
fl c 
* t 41 

E 
a i . . -
1 - - c 
OJ 41 
X WI 

O L 01 
E 01 

O • 
O . 41 

U 
WI fl — < • -
4.> 3 

fl OJ 
JZ 

t . * J 
OJ 

4-1 C 

4J fl 
JZ o 

C 4.* 41 E 

•»- fl 1. fl -O 
fl E 41 

V I J C « l M 
- 4J C 4J 4J 
t J -r- «.• 41 4.J 
^ X « - » fl J= fl 
fl W > — «.> I . 
X ' O U 3 .Q 
C OJ 3 u O OJ 
C U TJ — «.• 4J 
41 OJ O 4J c i . 

O . > 1 - I . O OJ 
O & fl > 

E U O . C C 
o e 41 -.-
k £ X 41 J : 

O- 4J O O l * . * O 
^ ttTJ--- ; c 
E 41 J< 4J T } 
fl -Q fl -O C 
4J 41 « • 
>• e u fl VI 
4J - ) - . O k 41 
VI " ^ 41 CJ 
C E « C * > « 
X fl fl 1 ^ 
O O k X k 
TJ • O <•.> 3 

» - • « . C OJ Ul 
E T J — JC 

u l C O 4J 4-1 
0 .X « a . c 

• C O 41 
.— fl E VI 4J E 
vO J 3 fl - . - C - . -

k £ , - TJ 
• 41 ••- 4J 4 j 

fl CJI N • VI 
U ' O 4-> WI 

3 t— fl C 4J 
4 1 . - Ss O £ 
0 1 Ul 4 ^ «.* .— 4-1 

TJ 3 C * > 
— £ -O OJ fl C 
k 4J -— k k O X 
.o -_ -o fl ^ . t a . 

X Q . C Ul 
TJ 01 C2. 41 fl O 
fl 01 ^ fl U X <*^ 
0 TJ C . . 
k • . - O 01 O 4J (M 

. - S 4-1 k U fl 
•r- 41 £ 
iQ E TJ X E X • • 
k 01 fl 41 

^ E VI O o E 
TJ . - 3 41 <•- 4 J -• -
C Ul 3 I -

CM O VI T J 1*- k 
* » fl — O <0 

OJ ^ u l r— • 
£ 0 0 OJ VI — fl 
4.1 r - k fl E OJ 

• fl 01 — k 
01 fl — E k WI fl 
> U k fl « 
0 01 O VI VI 

.O VI 4J 14- E fl — 
fl fl fl O X - C 

X £ • * - k 4J 
4-1 O <t- •— 
Ul E OJ fl c 
3 fl 4J VI O l - . - -— 

' ^ 41 fl C C k 
U >— O l — 41 T3 

C 4J 3 -— .— 4-1 4J 
01 Ul L l 1/1 4J fl > 

JC — 4J E k 
fl OJ 4-> Cl 01 
4-1 £ k - VI VI Ul 

t _ fl C — J 3 
01 o . — - o £ o 
k o » 0/ I— 
CJ • 01 k > 41 
X 4J 4-> fl k k 

O I -— E 01 • OJ 
VI k £ Ul OJ X 
OJ fl X E -O U 

^ - £ fl o l a VI 
C U 01 01 <4- E 
E VI c k VI k C 
fl . . . . ^ 4.* fl 3 O 

U l - V - WI Z WI 1 ^ 

« ? 
O l w 
k - ^ 
•« <M 
c e 
u ( . o . 
WI OJ 01 

4J — I T> 
O I T J O 
TJ ^ 4J 
— e u 
k 4J E «» 

- o JC X 
X m 

oe • CJ 
e t * » 0 O l 

C k 
4J 4J • « 

JC TJ £ 
• ^ — V O 

U • M 

f C O — 
O — V k 

<*- 4> fl 41 
U U f 

' O 41 * * 
41 - - 1 41 
> . Q . O E 
O 3 8 
E WI O k 
OJ 4J H -
k OJ 2 : 

- C > i W I O . 
WI 4.> OJ OJ 
fl > 3 O 
X O l k • O O 

C 3 — • • 
E — wr v i < M 
fl k 4J 
k 3 VI k 

- . - - o — 
N £ E 01 

T3 4-1 fl E 
. - 0 1 O - . -
> ! * * d U . h -

4 J — C 
3 VI -— 

J 3 O k • • 
— a . 3 4J VI 
•O 01 TJ C T J 

T J 41 . -
41 T J TJ — 

. O C 41 — O 
41 4J u VI 

O 41 fl C 
4-1 . a E — 4 j 

4J a j 4-1 4J . o 
£ > VI U fl 
C- fl 41 41 4J 
3 JT • ' ^ r -
O 4J J 3 4J 

£ O k 3 4-> 
4-1 4J 4J VI OJ 

X VI 
TJ -O 4 , 
C 4J VI £ VI 
3 k . - 4J « 
O fl OJ 
Q . OJ > O l * -
E O 4J C . -
O 0 . > ~ — OJ 
U fl k X 

k 3 
TJ OJ 01 -O VI 
OJ U 4-1 fl 
k C fl - o 
O fl 3 OJ OJ 

. - 4 - 1 4J k 
O VI k 3 
CJ J J . O 4 J 

3 T3 C i O 
01 VI 01 01 3 
O l U k k 

— VI 3 4J 
01 — T3 >» VI 

. O £ OJ > -
1— k VI 01 

fl 3 C l 
4J O T J 

<». . i . — — 
O 41 a j > k 

k X 4 J . O 
VI 3 k 
OJ 4J wl O . 4J 

r - O k £ 
C 3 41 C 4 J 
E k * J fl 
fl 4-> fl £ C 

«/> WI Z 4J O 

9 
• k k 

4 J 4J «.• 4f 
C .O Ul l ^ 

— 41 OJ a . E lO 
O k O -C 3 X 
a . OJ 4J t - O l 

X 0 J « k 
WI TJ £ O 

— 4J • 4J . 
x : • E X fl VI 
4J Ul 3 OJ 14- CJ4J 

^ U l . - O C 
4J E Ul Q- • o 01 
« t fl 5 > . 41 E 

m a c •J — ro r- o fl fl -O • • fl U OJ 
l O O — £ <4J O WI 
O k fl fl r -
o <4- 41 o j : 

O 4.1 14- 4J > t 4J 
. - « C k — 
.— > i E OJ OJ 4-1 X 
fl 4J £ k WI 

1 * . •— OJ 4J fl 3 "O 
4-1 U 4J Q . T J 01 
3 0 10 E C3. C 4J 

0 » - .— 0 « - 4 <0 
OJ 3 k — 

X > i J<»- c WI u 
0 - - 01 01 0 

r - fl 4-1 4J 01 C WI 
OJ k 3 J 3 0 WI 

J J £ fl 0 ^ « 
4-1 a . 4J 

^ • > — - 0 0 OJ c 
j < X OJ 01 c - a OJ 

C 4J 01 
r o E - i - "> "O 0 WI 
%r <•- 4J fl 4-1 
CM « 0 — £ 41 

• • TJ Q . TJ k 
0 0 OJ — £ 01 OJ 

^» k u u k z x - 0 OJ - OJ 
01 0 .— k j r TJ Ul 
3 0 Q. X — E 
c J : u Ul k 
4J 4-1 TJ . - C 0 
> 0 . 41 fl . - 0 ! » . 

cC 41 O i £ 41 U 
• 0 — E a i 

C OJ £ VI VI *•• 
0 k £ U fl fl 
Ul 01 — 41 X k 
k 4-1 fl JC C J 3 
4J fl X — OJ OJ 

<4- X £ k CJ 4-1 
>*. 4-1 4-1 0 k k 
41 C — U .— 3 4J 

T fl X 3 £ 0 > 
01 T J U Ul C 

OJ E TJ 0 - r -
> 0 k 0 1 OJ 
0 fl k a c .— 0 

X3 OJ 1 0 . 0 Z 
fl £ > 3s k • . -

4-> 0 J3 4J Ul 
E •— 0 Ul Ul • 

X TJ 0 OJ 
1 0 > t OJ « Q. 3 
. - £ - - 4J c 

4J . o fl TJ k a j 
j < -O fl — OJ OJ > 
01 - - t l CJ 4J £ < 
01 X CJ 0 4J 4-1 
k — Ul — 0 C 

CJ c 4J VI E 0 
-r- 0 fl 0 > . VI 

C C — k 
0 E C 4-1 C 01 
CJI 01 fl c o < » -
fl.— k — <»-
3 r - a j k 0 OJ OJ 
C l X 0 0 . £ 0 
C VI 4-1 X 
0 fl Ul E Ul e a . 

s : X 4-> fl - . - T J 0 
c k £ c k i n 

c E a j - - 4 J fli4.o 
•» - fl E IM 

4 j — 4J Ul E 0 
T J k T J — fl C fl 
4J 4 J 41 > i 0 4J 
4 - > V I V I 4 - J k — k " 
fl 3 41 4J 4J 4J 
U 4 i a j x > 4 - i f l w i E 
0 £ £ • - fl 4-1 a . — 

_ J * J 4 J T 3 X VI 3 » -

4( « 
M - o 
Ul — - o 
0 Z 4> 
k . n 4* «« 

C3 41 g 13 k £ 

£ <o a» « 41 4 J — 41 X 
£ < - U £ 
4 J 0 1 <.» V I W 

C M « • E — 
* * — fl M X 
« k Z «» — 
. 4J _ i C C 1 . 
k > E w fl 0 
4 j 0 a c i c 
> U 4» e k 

— k — 0 e 
oe 0 4J . » -

W > * * f u 

' 0 41 £ ' M « B 
k V I H - 0 3 
M . 0 OL 0 - E 
41 0 41 10 « 

0 • " O 4 1 . 
VI W T » I . 

at 10 c V <a * * 
£ Z — O l 4» ««• 

4.* o - o - o — (JL 3 « l 
£ fl . - U £ 
W — VI M 0 « J 
— k • • -

X a)£ a> oi<»-4 j * j . - c 0 
a j fl . a — 
CJ E 4J fl > 41 
c fl 4 j — e 
4J 41 C J ^ 9 
3 4J 4J -4 - wt 

— fl VI 4 J 0 
<l- — — 0 Z £ 
C 3 v> c * > 
0 U k -T-
U — 41 £ • Z 

4-1 C L 4 J . X 
4J k - . - OJ ' O 

£ fl 0 Z o t 41 
4J Q. W k 4 J 

4J 0 « 
a j 4 1 T J 4 J - r -
> c a j — c CJ 
0 — 3 VI 0 0 

J O <t- C 0 1 wt 
fl — 0 1 fl t « 

• 0 4J c 3 « 
E 01 C •>- C l 

k 0 . — C 4» 
0 0 U 0 . 0 4 J 
< 0 — E SET « Z 

0 k fl k O . 
• U 0 WI 4 J 4.* 

fl - o 3 VI i n 

u OJ 0 ej 0 .ocsi C l £ £ 3 • • 
T J — a j 4-» C l w i c n 
fl Cl C 3 
0 . a — 41 0 T J 

c e k > k — . . 
••- 0 0 £ <— a t 

a j 0 . - 0 3 4 J 0 E 
C l £ fl WI -T-

T J k u - o H -
— OJ £ 01 E 
k > , at 4 J > fl 

CD fl £ a . k 41 • 
— I - a j 4J k U l 

<•- - 0 Ul 4-1 4 J 
0 < . 0 U l c 

• c 0 c at 4-> V l — f e 
VI • a t e . . -
OJ 01 CJ E OJ a t ' O 
z CJI fl o t £ a t 

- 0 •*- CO . 0 4 J WI 
4 J — k . 
VI k 3 « — T J C 41 
3 a VI fl 0 e x 

• 0 1 £ > » 
at 4 J - ^ * * 

T J k C CM WI a t 
OJ « 4 t • « > a t 
4 J I 1 . E •— ^ O t 
fl — £ 41 T3 
CJ a i - O T J CJ <« 3 
0 — 4J C 3 . a •— 

- j ^ - WI fl E 0 M 

c 
<9 

00 
en 

o 

CO 
en 

o 

10 

d 

1 0 
CM 

«n 

d 

o 
d 

CO 
o 

g 
00 

e 
o ••* 
4J 
•a 
« j 
c/i 

ss 

4 J 

e o 

4J 
cn 

. fl 
4J 
cn 



o 

^ o* 
^ 

* t 

c 
o 

«-> « u 
• J 

c 

fl 

> 
3 

w o 
> % • - • 

.o 
C - - 0 
a> 
E 

« u 
N 

u 
X3 

> o 
u 
& 
w 

>> l -

*•• 3 
O .£) 
u 
c 
o 
u 
o^ 
c 

i .c 
lA 

CO 
r«v 

" O 

**-

«' » 
c 

fl 
k 

4 - 1 

c 
«> o 
c 
o 
u 
* J 
c 

»̂  
« J 

c 
OJ 

» - o 
o 

O ^ 

^ t i 

*̂  fl 
E 

4 .J 
(A 
OJ 

O S - O 

iTt 

>» V-
fl 
3 
C 
fl 

^ 
•o 
c 
•0 

p". 
ro . 
a> 

en 
1 -
4» 

A 
b 
O 
u 
4 i 

c 
fl 

E 
fl 

w 

4 J 

3 

^ *n 

t A 
o 
Or 
U 
O 
u 
C l 

u 
c 

4 ^ 

u 
u 

• • 1 

n 

c 
\ o • o 

4>> 

3 
3 JC 
«/t 

c 
o 

c -o 
o 

4 - ( 

( J 
3 

" ^ • D 
o 
k. 

>» a 
4 - ' 

3 
A 

• o 

(̂  o 
w» 

*̂  

E 
fl 
I . 

N 

r— 

Of 
t / ^ 
fl 

.n 
a> 
fc. 
fl 

m 
4 - ) 

= t i 

fl 
V 

> * 3 
4 - * 

3 
U J ^ 
3 

T3 
O 
U 
Q . 

T J 

U 
0) 

4-> 

C **-

:» o « 
O " O T3 

»« * J 

"a 
i » 

V 
i . 

v t 

^ fl 
t > 
u 

c r 
t i 

E 
fl 
L. 

N 

>. 4-» 

3 

1 ^ 

w^ 

s 
*/» C/1 

Ot 
U 
o 
t -

c. 
c: 
o 

u 
3 

X ) 

o 
u 
o 
E 
fl 
I . 

N 

>̂  *-» 3 
XJ 

a ; J 3 T 3 
c 
fl 

• o 

.o •*-' -o 

c 

.o «) O 4 ^ 

( ^ 0 3 

•—' 
> i C 

"• c 

r v 
< j \ 

*" 
N tf 

« ^ u ^ 

c 

1 
C 

* 
M 

* w 
u 

( J 
4) 
U 

u 
o 
o 

c 
o 

u 

«> O . V 1 

*rt < 
• u l ^ 
o 
t A 

41 
T J - O 
c • H -

E 
fl 
O 

H -

V. 

3 

i n 
4/ 
3 

fl 

> 
k r t " 0 

•o 
c 
o 

C 
3 

CJ 
. c 
« J 

u 
0* 

4 - 1 

<•-fl 

1A 

c o 
< • » 

fl 
V. 

r 

«> u 
c: 

> i o 
4) 

> 1-
3 

* / l 

4 i 
U 
t -
3 
O 

o tn 
u 
en 

V , 0 -»£ 
• ^ 
fl 

:» 
L-
fl 

u 

< j 
fl 

*̂  c 

o 
CO o . 

u 

•o 
c 
3 

o 
i -
crt 

JK; 

u 
fl 

- Q 

Lrt 
3 
C 

E 

n 

» 
C 

o 
"• « 4-1 
i/» 

« • 

« 
c 
o 
•*-4-» 
fl 4 ^ 

u ^ 

CO 
r - i . 

O * 

i r> 

> 
fl 
3 
C 
to 

m 

€• 
r 
c 

^ 

-̂  
4 ; 

• J 
3 
O 

— • 

,_̂  
x> 
c 
o 

CL 

c^ 

• : c 

§P 
,.-[r-. 
. . . 1 * 

,̂ 1 * J - ^ 
^ i / ^ [ c . 

ro* 
r ^ 
cn 

m 
I . 
4> 

X i 
f i 
t i 
o 
4» 

O 

O 
cx 

CNj 

^ — 
C l 
O l - ^ 

—l^ 4 J O 

.OlCL 

U l 

1 

!•" I - " ' — c 
%, o 

\̂  c l 
.21 > 
4 - » ; C J 

0O r-
4 . ' O 
l y i <-» 

OJ 

" 
* j -
» ! • 

c 
o 

a . 

» 4 -

• n 
c 
o 

a. 

4) 
u C v» 
41 L. 

F - O 
« * J 

> u 
. < - JO 
3 I t . 

o-
L U 

trt 
w 
OJ 

• J 

41 

e fl 

u fl 
n . 

fl 
o 
E 
4 * 

£ . 

\-> 

r— 
• ' N . 

CD 

^ 
c 
o 

• r -
4 ^ 

fl 
i _ 

u. 
1-
a» 

*-* fl 
\ 3E 

^ V 

^̂  V 

V 

V 

V 

U 

V 
V 
u 
u -

^ _ 1 

V 

o — 
^ f o 

. r ^ 

t o * o 
— fl-

t n o D 

m o 

i n 
1 / 1 1 / > 

o — 

o o 
2;^ 

O O 
o ^ 
p - ( ^ 

m 

t f l 

*> c 
4f 

« > 
3 

cr 
4> 

E 
fl 

«>i u 
i r t - ^ 
I J N 

• » 3 » -
4> >^ 

fl 3 
u n 
V — 
C O 
Or 

O • 

O m 
tft o 

n 

o o» 
m ^ 
* - o\ 

t \ l 

^ ^ ^ <S1 
m 

r - f n 

^ ^ *n 

CTVr-
r j »— 

C^lJ 

coco 
o m 
O O 

*#-
* * CM 

en 

m 
f** 

irt 
4 - t 

c 
41 

« > 
3 

o-
4f 

E 
fl 
t . 

•̂  u 
c*— 

3 
— . O 

«» — *-• Q 
O 
t - « 

C 
4> 

« > 
3 
O" 
4) 

E 
fl 
i . 

N 

> 1 
4-» 

3 
J 3 

• o 

-o 
4J 

O 
41 
U 
L. 
O 

o 

*«K 

^ E 

c 
o 

\ j l 
• 9 ) 

c ' 
fll 

o 
u. 

0 0 

o -^ 
r s j \ o 

m 

V I 
• J 

c 
v 
fl 

> 
3 

cr 
41 

E 

« '• u i n — 
O N 

• O r -
0/ >» 

4 ^ ^ 

fl 3 
1 - - Q 

a, .— 
C Q 
Q ) 

O « 

U ^ 

i r> r \ j 
( M 0 0 

o o 
O u ^ 
i n o ^ 

^ o 

o o 
O r ^ 
O ^ C O 

w - « n 

«n 
r*. 

*n 
4-» 
C 
OJ 

« > 
3 

o-
w 
E 
fl 
i~ 

n 
* J 
c .— 
N i J 

3 
— .O 
<q .— 

* J 0 

o H - « 

4 - * 

>| U 

T J 

cn 

^ •̂  C7< 
E 

c l 
o ! 

• ^ 
o ! 
fll 
u | 

U - l 

*^l 
*-• c ' 
A'l 

^ i 
• o 
41 

«n 

O ' n 
M C M 

m O 

v K 

o o 
o o 
o »n 
m est 
h - < n 

CM 

o o 
o o 
o o 
r ^ fl-

o o 
c o 
o o 
o »— 

o o 
o o CM r*. 

.— m 

en 

i / i 
4 -» 

c 
4* 

fl 

> 
3 

cr 
4f 

E 
fl 

M U 
fc/» •• -
4 J M 

• O f— 

4 J 4-» 

•O 3 
U . O 

u — 
c o 
V 

^ 3 # 

O O 
o O 
o«»^ 
0 0 — 
— 1 f n 

O O 
O O 
O O 

O *SI 
^ - C J N 

«\J 

O O 
O o 
o r o 

r o 

o o 
O — 
1 ^ e g 

i n 

O VO 
CM n 
« n CO 

C J 

f n 

/ v 

V I 

C 
4^ 

fl 

> 
3 
Cr 
4> 

E 
fl 
t . 

fsf 
u 
c ^ 
M^ r 

3 
<— X I 

« — 4 - » 0 
o 

¥ - * 

•10-

T 



«1 

M I S 
t i l -
3 0 > 

41 
5 » -

l O 
T > 1 
C U l 

2 P — k . . -
O l k 

• K O 
U < 
fl 

B 

^ . M 

00 
r^ 
O l 

•-
l / l 

> k 

« 3 
C 
a 

- J 

^ s 
— 
1 ^ 

«> 3 
O 

O 

^ c 
o 

"*• m * J 
U l 

C»i 

c 
o 
4-1 
fl 

WI 

s ^ 
c 
o 

4 - * 

« 4 - » 
i n 

CO 
« i 

c 
o 

4 . * 

o 
4-> 

1 
« 4 .> 

u> 

IS 

c 
o 
4 * 

« «< l / l 

c<l 
*mw~ 

* ; 

tA 
A N 

<« 1 . 
O t 

• 
'w 
c ^ 
« t 

« *> 

• ^ 

oc 
ft> 
cr 

• ^ 

I . 
CD 

41 

> < C 
o 
i « 

if 
14-
• 1 

^ • . l 
. - k 
k 3 

e a 44 
L l 

OC 3 
ec k 

4 - 1 

T> V I 
C 

OJ 

se «i 
oe a 

T3 
-o — C k 
CM eo 

44 
t l 

10 ^ 
4 -
4 J T J 
3 C 
o o 

- ' O . 

4 J 
«1 

"c 

fl 

TJ 
C 
O 

« • 

•1 
u C VI 
* 1 k 

r - O 
n 4 J 
> L l 

ItS. 
cr 

WI 

u 
41 

4-> 

4) 
C 
fl 
1. 
fl 

o. 

•" fl 

u 

f. 
£ 
u 

• * v . 

C7» 

^ 
C 

o 
* J 

w 
fl 
w 
u. 
u 
V 

4 - * 
fl 

' J . 

p w 

V 

^ V 

V 

V 

V 

i n 
o 
41 
4» 
U 

4 4 . 

O 
V 

o 
V 

o 
z 

i n 
» n f ^ 

d^ ' 

a 
•Jl 

a 
z 

o 
z 

o 
z 

^ 
*»> 

«-» c 
t ) 

> 
3 
cr 
t> 

E 
« M 1 . 

m - ^ 
O N 

• O i -
41 >« 

fl 3 
U . O 
4 , . ^ 
C O 
4> 

O « 

»A 

o 

l O 

d 

/n 
*n 
O 

d 

V t n 

esj r * 

e s j ^ ^ 

* n n 
CM 

» r ^ 

m r-K 
f s i 

tfcn 

n t o 
IV 

§ s 
^ r * 

m 
r^ 

4 J 

c 
^ 
fl 

> 
3 
O" 
4( 

E 
fl 
W 
frf 

u 
c •— 
•*- >» N * 4 

3 
F - , Q 
fl - ^ 
4-> O 
o 

t - « 

o* 
f i 
^̂  

r*. 
9 t 

V 
CSi 

<c 

cO CM 

M 
4> 
C 
41 

(O. > 
3 
cr 
41 

1 
w 
N 

3s 
• J 
3 

.O 

O 

•o 
4> 

A ' 
<J 
t t 
u 
u 
o 

o 

•>*. 

I * * ' i n 
c 
o 
4 ^ 

Ki 
fl 
1 . 

U . 

u 
• o 
41 

4.J 

fl 
u 
4f 

c 
E l 4 l 
flO 
O l 
u. 

0 « n 
m m 

4 i > 

c 
Cl 

fl 

> 
3 
O " 
4 f 

E 
fl 

M U 

»n-^ 
O fst 

T3 ^ 
41 >> 
4>> 4 J 
fl 3 
I . l O 
4> .— 

c o 
U 

u « 

p o 
<» «o 
R . f \ 

• • 4.J3 

cn 

V I 

** c 
t l 

fl 

> 
"a 
CT 
t . 

E 
. Q 
k 

IS 
o 
c — 
— >. N 4.^ 

3 
— J3 

^ —• 4.1 O 
o 

f - « 

i 
C •o 

5-
•̂  O l 
E 

c 
o 

4 ^ 

u 
fl 
I . 

u. 
V I 
4-* 

c 
t i 
E 

• o 
41 

i n 

o 
z 

o 
z 

o 
z 

o in 
in «o 
•- * 

o m 
m r* 
CM r ^ 

O O 

8S 
. • r~ CO 

i n 

4 J 
C 
V 

« 
> 
3 
<T 
t l 

E 
fl 

.4 k 
V l — 
k > M 

TJ — 
•* ?? 4.1 * ^ 
n 3 
1 - . O 
«1 -

c o 01 
L J « 

O O 
O U l 
V l U l 

r u 

O O 
o o 
CM fl 

o o 
o o O V 

. . oou^ 
C l — 

o o OCX3 

^.~ 
r i i o 

CM 

o o O O 
O p^ 

• £ 

gs OCM 

S5 

*n 

4 J 

c 
41 

fl 

> 
3 
o-
4f 

§ 
u 

** u 
c • -
— >» N 4-1 

3 
^ 4 0 
fl '— 
• > o 
0 

• - « 

0 

m 

0 
0 
a* 
CM 

%o 
i n 
cw 

t n 

1 

c 

V I 

c 

c 
%f 1 

•A 0 
«-* C 
c 0 
41 u 1 

« u 1 > c 
3 N 
c r «A 
4 f H . t t 1 

0 — 
E 0 fl > t c 
k. 0 fl 

— ( V V» 

»** c 4 J 
— 0 c 
> « OJ 
*^ ' o E 
3 4f - ^ 

X> VI - 0 
— fl 4 * 
0 . a V I 

« 



• c 
c 
c 

k 
c • 

1 >1 
C. 4 - 1 

. c 
L 3 

C O 
CJ 

c 
: Ol 

c = >. 
t lO 

L- i l 

— > 

— .o 

o 
a. r o 

S <-J 

fl 
• * 

Z 41 — a. 
5 
L 41 
:. £ 

* 4J 

<9 

' . OJ 

— U l 

£ C 
- . .o 
C o 

CO i 

1 

Ln 

"* 
c 
0 

4.1 
fl 
4J 
l / l 

«• t l » 

I c 

\^ 
h" I . I 
14-" 
,wi 

r r 
1 ^ 

eol 
' ^ i c 
O i . C 
^— I.— 

' . J 
- ' rZ 

i D i - l 
,wl 

k 
fl 
3 
C 
•Ol 

0|<v. 
f * 

~ 
! • = 

4 . 1 

l-T 
: 4 j 

l</i 

— 
i c 
LX 

J-̂  
I4J 

r 
f ^ i 
e^I 
O l , 

.—, J 
^^ I 
'^i 
k | 
OJI 

£ , 
c , 
0J| 
CJ, 
01 

0 

01 
C 
c 
fl 

£ 
0 

4-1 
OJ 

4-1 
3 
0 

n 
^ * i 

T J 
C 
0 
a . 

4-1 
41 

C 

m 
«> 
T J 
C 
0 

a . 

.— " Ih 

T J 
C 
0 
a . 

T J 
c 
0 
a. 

>, k 
4J 

> 0 
U 
OJ 

a t 

* 
• 0 
c 
0 
a . 

»̂ fli 

T J 
C 
0 

( 1 -

Wl 
k 
41 
4-1 
41 
E 
fl 
k 
fl 

C3L 

f ^ 

fl 
CJ 

E 
41 

£ 
k J 

. 

-̂̂  r ^ 

-*.-cr 

^ 
C ; 
0 | 

f — 

4J 
> J ! 
f o . 
k 

u-
k ' 
o i l 

4 - 1 

fl 
3 

<t — C A < » 
m cn 0 0 •— ^ 

^' d d d d oi 
V 

cn — 00 ^ 
CO (J^ 0 .— .— r -
CM 0 0 d d cn 

V 

.— c j i .— 1 ^ cn 
cji 0 0 0 0 r-. 

0 0 0 0 0 VO 

V 

O l CM — — 1— 
CM .— 0 0 —- CO 

0 0 0 0 0 CO 

V 

,— 00 — CO CO 
0 1 CM 0 0 .— CO 

— 0 0 d d c j i 

* * 
d d 

<n cn 
* . cn cn 

* k 
0 

e - ^ 3 k 
— C J ' - * 
E — . — 

— 0 z 
.1 k E — 

X £ 3 
2 C J — .— 
—- e ot 

4-> S .:< 
3 : C k (J 

1 OJ £ — 
fl irt .— 0 i l ' ^ 

— — fl => 
C 0 > . - r - C/1 
0 CT fl fl fl 
r a i K 4 ^ -t-i 
r £ CJ 0 0 X 
Mi 13. X t - t - a . 

^^ f * 

-^ 0 1 
E: 

*-.• 
c 
0 

4J 
' } 

'̂  k 
C L 

G 
.0 
0 

L k 

«M C^ . - r -
c n 0 0 VO 0 1 

0 0 0 0 CO 

-̂̂  k 
k J ' — 

— z 1 E - - ' 
I 3 
Z — — 
. — E OJ 

0 j < 
Z k LJ 

1 £ — 
fl Ul CJ Z ' ~ ' 

,.— r— —? 
c 0 — .— >/1 
0 C fl fl — 
n 01 4J 4-1 
P £ 0 0 X 
• i a. t - (- a. 

-.-% 
4 J 
2 

T3 

0 1 
J < 
"V. 
C l 

^ 
c 
0 

-.* 4 - 1 

LJ 
fl 
k 

L L . 

4 4 

C 
" • j 

c 

T i 
Ol 

VO 

O l 
^ 0 0 

0 0 10' r ^ 0 0 0 
vO 0 O l CM •— 
— CM r - * 

4 

i n 

cn 0 

—• 0 VO ao CM 0 0 
CM 0 r « r^ c^ 

r«L V ^ 

o» 

CO 

. r^ 0 CM 0 0 0 0 
cn 0 » - cn r> vo 

0 1 0 
4 

CM 

10 
i n w— 

0 0 i n 0 01 0 0 
0 0 cn t ^ r . 
I— 0 1 r -

4 

O l 

r o 
r » 0 

cn 0 CM 00 CM d o 
.— 0 t a Q 

0 f -

^ 

'^ k 
CJ 

Z • - ' 

" ^ J - E 
X £ 3 4t 
Z fl -r- k T J . -
» - - TJ E 01 - - Ot 

— 0 Q . C J< 
z 01 k a . fl u 

1 - O £ 0 > , - . -
fl i ^ Irt L J L J 0 Z 

-.- .— c — 0 . - . - . - . -
0 fl C fl fl fl fl 
f£ 4J 01 4.1 4J 44 44 
r o £ 0 0 0 0 

«£ 1 - CL > - ( - > - » -

-12-



TJ 
l o : -
, — 1 0 

o l o l 

c 
c ; o 
O l Ul 

iw i f c j 
l ' ' 

'Hi 
00 XI 

1 ! k 
, C 03 
\o . 
— IOC 
* J : o : 
fll 

! * J | T J 

c 

in •» — — — o o o 
o o o o 

V V 

oi 

cn 

fl 
,:vo,4Ji 

c ; 4 » , 0 | 3 
•o 1 o , o 

T ; C l S--

1-2 : -w 
,4-1 fl]« 

' T J ' 
Ivo 3 C 

O O 

.—•a. 

Iv 

TJ 
01 
3 
C 

C 
O 
Ll 

m 

JJ 
fl 

— 171.— •— 
CM O O O 

O O O O 

V V 

. 
Ol 

l O O . — ^ u» 
— CM O O O VO 

O O O O O CO 

V V V 

« • 1^ — .— i n .— o o o o cn 
O O O O O 00 

V V V 

cn :» .— «r <Ji 
C M . - O — CM o 
— O O O O O 

V 

* k 
c_> 

: i l ; 
O l ^ g ^ Z 

k ; — 
• f l l »J 
.a~i LJ 

e - ^ 

n OJ 
O J< 

cn »— 
CM r - O lOCM 

o o r o o o e o 

L J -

Ol 
E 

£ — 
kJ z • 

; lo I L.-! 

I I' 

i I iC 

— fl 
(0 > 
C fl 
Ol X 4J 4-1 

OJ 
a. X 

fl fl 
4J 4-1 

o o 

3 
• l / l 

!•: k 
I £ 

fl Ul LJ 
U | - r -
fl c: o — 
k O C fl 

r - UO 
fl.-^ 
4-1 

O X ^ o^ t— t— a . 

CO 4-: 

00 O O « . - d o 
m o ! -»« ^ 

00 ^ 

o S 
!>» o .— O ro <:i ^ 
cn o i n i o 2 

(M o vo o o o o 
r O O C M r - ' ^ g 

o o O O O O O 
.— O r - «T cn J3 
I— in r - ^ ro 

O O O O O O O O 
«r o i n i n J i 
. - 0_^ CM CM r » 

•o 

Ol 

E 
u o 

Z <o -— t . T i _ 
OJ 

»- T 1 
OJ - ^ 

V J I J 

— O 
fl 

Ol 
0 £ 
t - O. 

fl C fl fl n| ^ 
* J Ol 4.1 4J , , ^ 

2 . 3 . " o 
t — •— » - • -



C 
C 
lU 

a. 
>» 

c/) 
<U 
CTl 
t -
(O 

J Z 

c/t 

o 
>1 

+ j 
c 
o 

r-».— o < n L n o < M c o « i - i r > o o o o c v j 
^ r o O L n c j i m o i o c M L n c v j o c M O 
O O D f O r — COLDOJi— 1— CTiCVIOOr^ 

f— .— O O r - O O O O J O r - ^ 

• o 
a> 

-t-t 
i . 
o 
CL 

^ 0 0 

E cn 

C/1 c«_ 
c o 
o 

• . - > 1 
-t-t V 
nj nj 
L 3 
•u c 
c fo 

u 
C T J 
O C 
( J (O 
o r^ 
C r -

• r - (Tl 

IM »— 

«•- $-

o m 

o a; 
O . . C 
(U 4-> 

O i 
s. 

C7I O 
c <•-

u-l 
4-> 

o 
Q -
(U 

O i 

c 

.»-/ 
CO 

i -
<v 
o 

o 

cn 

e 

ITJ 
J -

• l - t 

c 
CJ 
c 
o 

c_) 

u 
E : 

- r -

l/ l 
a) 

' Q -
E 
ro 

OJ 

c/i 
O 
Q . 
E 
o 
c_> 

" d 
c 

<u 
on 
c 

o 
(T l 

•tc 
<—-o 
CO c 

CJ3 L D <0 
r~> • 

. c o 
o «— 

-D 00 
• D C • 
C ro CVJ 

•)c » 

0 0 O O 
LD r o OL) 
O .— 1— 

X3 
Lf) vD c rv. 
r - 0 0 (O LT) 
CM IT) <\J 

. . o . 
O O 1— O 
• O T J • T 3 
C C ^ C 
CO TS cQ 

«;!- LT) r ^ CO 
Co 0 0 VO "vT 
.— O VO 1— 

* O 
CJ cn o 
«* vn <a-

• • m 
o o f— 
TD - D - O 
C C C 
iC JO CO 

i n 
C L I 

VO " O 
r~. c 

* * * * * 
«a- cn o CO o o 
o V m o <X3 00 
I— I— <a- csj f— VO 

n O O O O O O O C J O P O O O 

•M C 
ro O 
1 - • ( -
<U + J 
o . /a 

c:; J-
o 

> > Q . 
»— 5-
J = O 
•!-> O 
c 
o 

CO 

<u 
JQ 
CO 

r-

I— i -
> , (U U i -

> , s- X ) J- a> Ol 
1_ fO -tJ E (U X I . o 
< a 3 j r i — C / 1 C U - Q E E 
3 S _ u - r - < i j > , : a + J O < u a ) 
c - a i - i - > - , c . — c n o . • i - > > o 
r o a i T S C L r o s S ^ C U O O O 

-3 u . 2 : cc sz-ra 1-^ «a; I/) o z o 

S" r-̂  
C7> 
c"" 

<^ 
• > > 

J-
« 

VI 
0) 
—̂ CL 

e fO 
Cl̂  

o 
• f j 
4 r -

</> O 
CL 

Q 
o 3 

C 
<o 

• 1 4 -



J C 

a; 
. 0 L. 

0 
"O 0 . 
a ; 0) 
c n J -

<o </> 
JC ro 
U 
cn*—» • 

. * - VO 4-> 
• 0 0 »-

0 0 
.*->. OL 
i - t — O 
> , . - Q i 

• ^ CO 
li» «4- r -

. Q - M r -
r - 3 CO 
»-^o «•-

— - 4 J 
U 3 
c +J 0 

• f - C 
N 10 ^ 

1— <U 
t 3 O . ••-> 
c 10 
« 4 J 5 

(/) 0 ) 
(U o ; ••-> 

• 0 3 : «/» 
• f - (O 
<4- C 3 
. — 0 
3 •.- r«. 
c/> + J ( ^ 

•r- «o o» 
-0 i - r -

0 
C Q . (/) 
0 J - -

- a 0 > t 
W (_> c 
10 lO 
u ••-> a . . 

1— e 
« <o 0 

E 3 0 
lO c 
i - c <u 

• r - (U - C 
t v l Q . - M 

^ _ J 

1-1 
cnl 

* -^ 
>j 
•ul '^1 
••-'I 
c 
<o 
3 
o i 

0 
0 

0 
0 

'~' 
0 
4-> 

0 
0 
0 

41 
1 — 

* 

_ i 

c/> 
f . * 
10 

' 1 — 

4 J 

<o 
z: 
,_ 
l a 

• u 
•̂ -
s. 

<-] 

E 
1 <o 

i -
1 *r» 
I r*4 

at c 
0 
z 

(U 
• 0 

«r f— 
3 
«/) 

0 

c 
0 

X ) 
L. 
CO 

0 

0 
0 
0 

m 
0 
0 

' ^ 
0 

4-> 

0 
0 
0 

0 

»"" 

0 
C 

• r -
M 

«5 

i n 

o 

o • 

II 

CO o 

u «r 

• f - CO 

x-o 
ElX 

- I 
<U 

CO 

l/l 
1) 

o 
> 
o 

<u 
x : <^-
-*-> 

• 0 
c 
lO 

Q 
CS 
z : 
CO 

• 1 

cn 

0 

Oi 
0 
«o 
u 
« 
> 
10 

>» 
•c -
(O 

T 3 T 3 
0) 

• U 
I . 

to 

0 - 0 
Q . <U 
01 
i . 

•M 
t -
0 

> > 0 . 
<u 
> 
i . 
3 

CO 

<u 
0 

<u 
t . 

>» 
0) 
> 
4-
3 

$- CO 
3 
0 

CO 

.»-> 
c 

• r -
0 
a. 
VO 
r^ 

<U 
u 
L . 
3 
0 
cn 
4 J 

c 
• r -
0 

cn CL. 
n— 

00 
a» r^ 

x : cn 

.15-



REFERENCES 

Boersen, 6. and Bonnie White, Report of an Industrial Survey Conducted at 
Pennwalt Corporation, All-Outfalls No. 820298, Wayne County, Wyandotte, 
Michigan, April 5-6, 1978. Point Source Studies Section, Environmental 
Protection Bureau, Michigan Department of Natural Resources. 25 pp. 

Dawson, G. W., A. J. Shruckrow and W. H. Swift, 1970. Control of Spillage 
of Hazardous Polluting Substances. U. S. Department of the Interior, 
Federal Water Pollution Control Administration, Washington, D.C. 

Dawson, G. W., M. W. Stradley and A. J. Shuckrow, 1975. Determination of 
Harmful Quantities and Rates of Penalty for Hazardous Substances. EPA 
Volume III - Appendices. 365 pp. 

Keppel, G. E. Collaborative Study of the Determination 
Residues by a Modified CS2 Evolution Method. 1971. 
54(3):528-531. 

of Dithiocarbamate 
Jour, of the AOAC 

McKee, J. E. and H. W. Wolf. 
(Revised 1971). 2nd Ed. 
Resources Control Board. 

Water Quality Criteria of California, 1963 
Resources Agency of California State Water 
Publication No. 3-A. 

Schrameck, Roy E. Staff Report. Pennwalt Corporation West Plant, Riverview 
Incident #145-77. February 2, 1978. 

Field Work By: 

Chemical Analyses By: 

Drawings By: 

Report By: 

8/15/78 

Roy Schrameck, Basin Engineer, District I 
Brian Reicks, Water Quality Specialist 
John Wuycheck, Aquatic Biologist 

Environmental Services Division Laboratory 

Michael Jones 

John Wuycheck 
Aquatic Biologist 
Biology Section 
Water Quality Division 
Environmental Protection Bureau 
Michigan Department of Natural Resources 

•16-



Michigan Department of Natural Resources 
Water Quality Division 

June, 1980 

An Evaluation of Stream Quality Problems in the 
Vicinity of Jones Chemical, Monguagon Creek, 

Riverview, Michigan 
February, 1980 

On February 12, 1980, Jack Bails, Chief, Environmental Enforcement Division, 
requested by me.nio, an evaluation of the impacts of unpermitted discharges 
from Jones Chemical on Monguagon Creek's sediments and aquatic organisms. 
As requested, the stream was surveyed during the week of February 18, 1980. 
The impacts of the large upstream Pennwalt Corporation discharge, were of 
necessity, also evaluated. 

FINDINGS 

1. The discharge of very high concentrations (more than 1,000 mg/l) of 
extremely toxic chlorine from Jones Chemical via an unpermitted discharge 
has severely damaged Monguagon Creek- Macroscopic bottom dwelling stream 
life was absent downstream from the discharge for at least 0.15 km 
(kilometers). 

2. Toxic heavy metals hawe been discharged from Jones Chemical as sediment 
concentrations of zinc (18,000 mg/kg) and lead (920 mg/kg) were markedly 
elevated beloxi? the discharge and were also found at high levels in a 
discharge su'rp at the facility. 

3. One dead and one distressed fish (gizzard shad) were observed in Monguagon 
Creek below the Jones Chemical discharge. No other fish were observed. 

4. The potential for untreated human waste discharges to Monguagon Creek from 
Jones Chemical was apparent as toilet tissue was observed in the unpermitted 
discharge ccmcaining chlorine. High fecal collform counts were also 
found a t an in-plant sump connected with the discharge pipe. 

5. Suspended solids in runoff from Jones Chemical were high (490 mg/l) and 
formed an obvious deposit on the bottom of Monguagon Creek. 

6. Pennwalt Corporation's discharge upstream of Jones Chemical is apparently 
the major source of PCB's and oils in Monguagon Creek sediments, and is 
also a significant source of toxic heâ /y metals. Most sediment ccmtaminants 
in areas impacted by the Pennwalt discharge exceeded the U.S. EPA "heavily 
polluted'* levels for dredge spoils. 

7. A visible sheen of oil was observed on Monguagon Creek downstream of the 
Pennwalt Corporation's discharge (006) at all times during the study. This 
is a violation of their NPDES permit No. MI0002381. 

8. The Pennwalt Corporation's discharge caused some damage to Monguagon Creek 
as indicated by the numbers, kinds and weight of macroscopic bottom dwelling 
organisms. 



Monguagon Creek, upstream o£ the Pennwalt Corporation and Jones Chemical 
discharges, is a degraded stream with limited numbers and kinds of 
bottom dwelling organisms. Oils and some heavy metals in these sediments 
exceeded U.S. EPA "heavily polluted" levels but were considerably lower 
than those found downstream. Urban runoff, oil spills or unknown discharges 
are possible sources for contaminants. 

RECOMMENDATIONS 

1. The discharge of chlorine and heavy metals from Jones Chemical to Monguagon 
Creek should be eliminated or reduced significantly to acceptable concen
trations. Sediments in this facility's stormwater runoff should be 
controlled. Discharge of untreated human wastes to the in-plant sump should 
cease. 

2. The highly contaminated sediments should be removed from Monguagon Creek 
from Pennwalt's discharge to the Detroit River. 

3. The Pennwalt Corporation's waste treatment should be upgraded to meet 
NPDES permit limits. 

4. A sediment and biological survey should be conducted upstream of this 
Mongaugon Creek study area to determine other source(s) of sediment 
contaminants. 

METHODS 

Stream bottom dwelling animals (benthic macroinvertebrates), s~diments, water 
and selected discharges of concern in the lower reaches of Monguagon Creek 
in the vicinity of Jones Chemical and the Pennwalt Corporation were sampled 
from a boat on February 20, 1980. All samples were maintained in chain of 
custody. 

?: .'e stations were established (Figure 1). Station A was the most upstream 
its' on (stream km 1.38) and located outside the area of impact of Pennwalt's 
is: ..-.rge (station B - km 1.20). Station C (km 0.75) was immediately upstrear̂ ,,. 

c: trie Jones Chemical discharges while Station D (km 0.68) was immediately 
downstream. Station E (km 0.53) was further downstream where mixing appeared 
complete and upstream of other discharges. Storm sewers and runoff from roads, 
coal piles and the industrialized vicinity enter Monguagon Creek in the 0.53 km 
before its confluences with the Trenton Channel (Detroit River). 

Water samples were handled and preserved according to U.S. EPA approved methods. 
Analysis for fecal coliform bacteria and suspended solids were completed in the 
Environmental Protection Bureau (EPB) laboratory in Lansing. Chlorine analysis 
was completed at the nearby Wayne County Public Works laboratory because of 
this element's instability over relatively short'time periods. 

Sediment and benthic macroinvertebrate samples were collected with a petite 
ponar bottom grab (15 cm x 15 cm). A 250 ml wide mouth bottle of sediment was 
collected, kept cool and returned to the EPB laboratory for analysis. Single 
sediment saiaples were collected near midstream at stations where a point source 
of pollution was judged not to have an effect along one streambank (stations A, 
B and E). At stations C and D a sediment sample was collected near each bank 
(Figure 2). 



Figure 1. Location and sampling stations on Monguagon Creek, Wayne County, 
Michiaan, February 20, 1980. 
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Figure 2. Detailed sampling locations for water, sediments and benthic 
macroinvertebrates in Monguagon Creek, Wayne County, Michigan, 
February 20, 1980. 
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Macroinvertcbr?-te samples were collected on transects across Monguagon Creek. 
Samples were collected at points equidistant from the streambanks and each 
other along the transect. Three macroinvertebrate samples were taken where 
the stream was relatively narrow (stations A, B and E) while five samples were 
collected at stations C and D. 

Samples taken with the ponar bottom grab were emptied into a small plastic tub 
to facilitate sample transfer into plastic'bags. Samples were kept cool and 
returned to the Water Quality Division Biology Laboratory where they were 
washed in a U.S. Standard 30 mesh sieve bucket the following day. Sample remains 
after sieving were placed in widemouth quart jars and preserved with formalin. 
Animals were later removed from the sample using a 4x sorting lens, identified 
and counted with the aid of a dissecting microscope and weighed. All values 
have been multiplied by a correction factor (43) to convert raw data to 
numbers or grans weight per square meter. Animals to be weighed were placed 
on a paper towel for about a minute to remove water and weighed to the nearest 
0.01 gram on s. Mettler balance Model P162. After weighing, the animals were 
placed in a permanent storage solution in 4 dram screw top vials and retained under 
lock and key for further reference if necessary. 

At each sampling site a station card was filled out to record general obvervations 
and/or conditions at the time. Photographs were also taken upstream and downstream 
from each sampling station. Photos from stations D and E were not usable because 
of accidental film exposure. 

BACKGROUND 

Monguagon Creak is located in southeastern Michigan in Wayne County and flows 
to the Trentoa Channel (Detroit River) near Grosse lie. The Ci.-eek is named 
Huntington Creek on the USGS Wyandotte quadrangle 7.5 minute topographic map 
of 1973. Although not named on official Michigan County maps, Monguagon Creek 
is the recognized local name and appears on NPDES discharge permits. 

Monguagon Creek is a first order stream (lacks tributaries) and has a total 
length of about 4.2 km. The once in 10 year 7-day low flow has been estimated 
at 0.0 m^/day. The stream flows from its headwaters northeast to Riverview 
then west t:> the Detroit River. About 1.2 km upstream from its Detroit River 
confluence, the Pennwalt Corporation discharges 32,700 m'/day of treated 
wastewater via discharge 006 under an NPDES permit (number MI0002381). A half 
kilometer downstream, Jones Chemical had two unpermitted discharges. Additional 
water and contaiEinaats enter the stream from stormsewer discharges and urban or 
industrial riinoff both upstream and downstream of the study area. 

Most of the scream in Riverview has been enclosed. All of the stream has 
been channelized for drainage improvement and some sections have been dredged 
more than once to remove accumulated materials. In the 1950's, raw sewage 
from Riverview was discharged into the creek and extensive fish kills occurred 
on occasion (Pujbert Parker - personal communication). Sewage discharges have 
since been removed. 

The unpermitted discharge from Jones Chemical to Monguagon Creek was found 
during an aerial reconnaissance flight on December 17, 1979 by William Murphy, 
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Environmental Enforcement Division, Department of Natural Resources (DNR). 
Photographs of the area taken at that time clearly show a discharge plume into 
the creek (DNR Exhibit No ). 

Since the discovery of the unpermitted Jones Chemical and prior to this study, 
sampling of the discharge, waste streams in the facility and the creek were 
undertaken. Lawrence Epskamp, District 14 Conservation Officer, Law Division 
collected water samples upstream and downstream of the discharge and from the 
surface and bottom of the discharge on February 9, 1980. The pH of the discharge 
was 11.3 at its surface and 15.7 at the bottom. Both are extremely alkaline 
pH values and would not be permitted. Sodium (9100 mg/l), chlorides (7400 mg/l) 
and sulfates (320 mg/l) were very high (Appendix I) in this discharge. 

William Stone, District I, Water Quality Division, accompanied by William Murphy, 
collected water and sediment samples within the Jones Chemical facility on 
February 14, 1980. An in-plant sump had extremely high levels of iron 
(280,000 mg/kg), lead (3400 mg/kg), and zinc (1500 mg/kg) in the semi-fluid 
sediments in the sump bottom (Apprndix II). Chlorine ranged from high to very 
high in six of seven locations sampled within the facility. Chlorides and sodium 
followed a similar pattern to chlorine, with the water designated "pipe to sump" 
field ID niomber one (1) and having the lowest values and the sample designated 
"from NaOCl product tank", field ID number seven (7), having the highest value 
(Appendix III). Very high coliform bacteria counts were found in samples from 
an outside sump and indicated that untreated human wastes (Appendix IV) were 
in the Jones Chemical wastewaters prior to discharge. 

White (1979) evaluated Pennwalt's discharge (006) as to its potential toxic 
effects on aquatic animals in Monguagon Creek and concluded that toxic conditions 
vc-,;.c exist as a result of the discharge. She found the NPDES permit limits for 
BODr, suspended solids and ammonia were exceeded and recommended that Pennwalt's 
NPDES permit limitations for ammonia and pH be revised. 

RESULTS AND DISCUSSION 

Water Quality 

During the biological survey, water samples were collected and analysed for 
chlorine by staff of the nearby Wayne County Public Works laboratory. Sample 
//2 was collected in Pennwalt's discharge (station B) and had 4.3 mg/l total 
chlorine (Appendix V). Above Jones Chemical (#3, station C) only free chlorine 
at 0.1 mg/l was detected. The Jones Chemical discharge (#4) had 9900 mg/l 
total chlorine. The pH of the discharge at the time, as estimated by indicator 
paper, was approximately 12. No discharge plume was evident in the stream during 
this study probably as a result of reduced flows. Downstream at station E (#5) 
free chlorine decreased to 0.4 mg/l and t o t a l chlorine to 1.4 mg/l (PPM equals 
mg/l) even under reduced discharge flows. 

Recommended concentrations of total chlorine in discharges is 0.024 mg/l at the 
edge of the mixing zone and concentrations of chlorine are not to exceed 
0.5 mg/l in the discharge in Michigan. Chlorine is a very toxic substance (Brungs, 
1976), and should be greatly reduced in the Jones Chemical discharge as it was almo 
20,000 times the discharge concentration limit. Chlorine concentrations should 
also be reduced in the Pennwalt discharge to acceptable levels. 
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An oil sheen wa^ observed in the Pennwalt discharge channel and at all downstream 
stations during this study (Appendices X-XIII). This is in violation of the 
NPDES discharge permit which stipulates "no visible film" in Monguagon Creek. 

A single water sanple collected February 20, 1980 from a 15 cm (6 inch) diameter 
steel pipe (#1 dir-charge) apparently discharging stormwater runoff and/or 
snow melt at the time, had 490 mg/l suspended solids (lab sheet not included) and 
resulted in sediment deposition in the stream (Figure 3). Some control measures 
should be sought for this discharge. 

Another water sample was taken from the other Jones Chemical discharge (1^2) 
in which the extrecely high levels of chlorine were found and analyzed for fecal 
coliform bacteria. Counts of fecal bacteria were less than 100 per 100 ml as 
would be expected with high levels of chlorine (Appendix IV). Toilet paper was 
seen in the effluent at the time of sampling (Appendices XI and XII). Whenever 
chlorine was not being discharged, raw sewage could have been discharged. In 
either case, treatment of human wastes would have been inadequate. 

Sediment Contasinants 

Substances such as heavy metals, oils and synthetic organic compounds which 
are relatively insoluable in water will usually be found in stream or lake 
sediments at coGcentrations many times higher than can be found in the water. 
Contaminants of this type will also remain bound in sediments for extended 
time periods ai>d thus reflect past discharges of contaminants.. Many of these 
sediment contaminants are toxic to aquatic life when concentrations are elevated. 
Presently, the degree of sediment contamination or its pollutional status is 
based on the 1977 EPA dredge spoils criteria. 

Using EPA's criteria as a basis for comparison, all stations had "heavily 
polluted" sedinsnts for a nimiber of parameters. At station A, oil (5500 mg/kg) 
arsenic (12 mg/hg), zinc (440 mg/kg), lead (90 mg/kg), iron (25,000 mg/kg), 
copper (50 mg/kg) and PCB (10 mg/kg) (Appendix VI) were the contaminants above 
the non-polluted level of the EPA (1977) dredge spoils criteria (Appendix VII). 
These sediment contaminants have probably reached Monguagon Creek via urban 
runoff or discfcarges upstream in the City of Riverview or from landfills and 
nearby industrialized areas. 

In Pennwalt's discrharge channel (station B) and downstream at station C every 
parameter, except iron, at least doubled in concentration in sediments. In 
addition, cyaaide (5-6 mg/kg), cadmium (6-10 mg/kg), nickel (90-120 mg/kg), 
and mercury (2 zjg/kg) were found at "heavily polluted" areas. 

Inmiediately dcjwtistream of the Jones Chemical discharges most sediment contaminant 
concentrations (station D) were similar to those found upstream at Station A or C. 
However, higher concentrations of copper, iron, nickel, lead, zinc and manganese 
existed in the sample collected nearest Jones Chemical. Zinc values were, ̂ 700 mg/ki 
In this sample and 2500 mg/kg in the sample across the stream. As indicated 
before by Stone's data, the Jones Chemical discharge probably contained high 
levels of lead, zinc and iron. Zinc was apparently being precipitated quickly 
once It reached the stream and other metals at lower rates. 

Downstream at station E the concentration of lead (920 mg/kg), nickel (230 mg/kg), 
copper (250 mg/'cg), chromium (390 mg/kg), cadmium (10 mg/kg) and cyanide (12 mg/kg) 
about doubled again. Zinc was found at 18,000 mg/kg, an extremely high sediment 
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FIGURE 3. 
Discharge (#1) from Jones Chemical bearing suspended and settleable 
solids, with associated deposition in Monguacon Creek, February 20, 1980, 
Photograph by Frank Horvath. 
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concentration. These very high levels of contaminants probably existed at 
this location mainly as a result of discharges from Pennwalt and Jones Chemical. 
The marked increase in certain of the above parameters in downstream sediments 
at station E was probably the result of additional loadings of heavy metals 
from Jones Chemical and the chemical reaction and precipitation of these 
substances after the highly chlorinated Jones Chemical discharge were mixed with 
the receiving waters. 

Macroinvertebrates 

Animal communities living in or on the bottom of lakes and streams are the best 
indicators of aquatic environmental conditions. These animal communities are 
ubiquitous in undisturbed streams. Benthic or bottom dwelling animal species 
which together constitute a benthic community live most or all of their lives 
in the water. Aquatic insects, with rare exception, leave the water for short 
periods to mate and lay eggs but their immature larval stages may exist for 
more than a year in an aquatic environment. Aquatic worms (oligochaetes) spend 
all their lives in the aquatic environment. During this extended period of 
aquatic development they react to a myriad of physical and chemical parameters 
and thus are indicators of past environmental conditions. 

A stream comparable in size to Monguagon Creek, under relatively unmodified 
stream conditions, would have benthic communities made up of many species of 
animals without a dominant species or species group. Biomass (weight per 
unit area) would usually be at intermediate levels (10-50 gm/m^ wet weight) and 
distributed among a number of species. Macroinvertebrate density (number per 
unit area) would usually range from 1-5000/m^. Discharges of pollutants in 
sufficient quantities results in marked and easily detected changes in benthic 
community structure. Sensitive species or species groups are eliminate'-f ind 
the benthic community becomes dominated by more pollution tolerant forms. 
Under moderately polluted conditions some forms may thus reach extreme densities 
and biomass. If pollution is increased further, all the above benthos parameters 
decrease. In the most extreme situations benthic communities are absent. 

The macroinvertebrate communities of Monguagon Creek indicated a degraded to highly 
degraded stream condition (Figure 4). Pollution tolerant organisms dominated 
the macroinvertebrate community in the sti-dy area. Oligochaetes or aquatic worms 
comprised more than 90 percent of all the macroinvertebrates collected both in 
terras of density and biomass (Appendix VIII)- Only at station A were 
significant numbers of midges (Procladius) collected. This animal feeds on worms 
but is less tolerant of extreme environmental stress than oligochaetes. 

Macroinvertebrate densities decreased from almost 24,000/m^ at station A to 
318/m^ at station D. No macroinvertebrates were found at station E nor in the 
three samples closest to the Jones Chemical discharge at station D. 

Fish 

Only two fish (gizzard shad) were observed in this shallow, open stream. Even 
this was surprising under the conditions. One dead gizzard shad was found just 
below the Jones Chemical discharge. Apparently the fish had died recently as 
deterioration was not evident. The second fish was disoriented and swimming in 
circles as it moved downstream in the vicinity of station E. Total chlorine 
at 1.4 mg/l was found at this station and by itself was sufficient to cause 
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Figure 4, Areas of degradation in Monguagon Creek, Wayne County, Michigan 
February 20, 1980 based on benthic macroinvertebrate community 
structure. 
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death in less than half an hour (Mattice and Zittel, 1976). 

SUMMARY AND CONCLUSIONS 

Benthic animals communities, or their absence in Monguagon Creek indicated stream 
conditions that ranged from degraded to completely degraded. Degradation or damage 
to the benthic communities was associated with high concentrations of sediment 
contaminants such as oils, toxic heavy metals, cyanide and high concentrations 
of chlorine in the water. Similar responses of benthic communities to such 
contaminants have been observed many times before (Mackenthun, 1969). Recently, 
Wentsel and Mcintosh (1977) also found oligochaete dominated benthic communities 
where heavy metals in lake sediments were extremely high (cadmium-996 mg/kg, 
zinc-14,033 mg/kg, and chromium-2105 mg/kg) and midge larvae were present only 
where heavy metals decreased in the sediment. Given the concentrations of sediment 
contaminants in Monguagon Creek, it is improbable that the elimination of the 
benthic community downstream of the Jones Chemical discharge was due only to 
their discharge of heavy metals. The pattern of benthos elimination closely 
approximated the area of stream bottom impacted by the plume from the Jones 
Chemical unpermitted discharge with very high concentrations of extremely toxic 
chlorine. It is therefore very reasonable to conclude that a minimum of 0.15 km 
of Monguagon Creek has been damaged as a result of the unpermitted Jones Chemical 
discharge. 

Damage to Monguagon Creek undoubtedly also extends for the remaining 0.7 km to 
its confluence with the Trenton Channel. Sediment contaminants would surely 
remain at or above concentrations similar to those found dovmstream of the 
Penn''alt discharge, as most of these substances do not biodegrade readily and 
channel erosion processes tend to transport sediments downstream. It is not 
certain however, that the macroinvertebrate community has been eliminated in 
this lower stream reach nor could any or all damage be blamed with certainty on 
the upstream discharges. Storm sewers and runoff from streets, coal piles and 
the surrounding area would have degrading effects in the lover stream reach. 
Furthermore, it is not certain whether chlorine concantrations have been at toxic 
concentrations to the Trenton Channel in the past because chlorine readily 
reacts and loses its toxicity. 

In order to expedite the recovery of Monguagon Creek several actions should be 
undertaken. A study of Monguagon Creek upstream of the study site and in 
Riverview should be undertaken to determine the source(s) of stream contaminants. 
Pennwalt's wastewater treatment should be upgraded to meet NPDES requirements and 
the Jones Chemical discharges should either be eliminated or adequate treatment 
be provided to protect Monguagon Creek. In addition, the highly containinatcd 
sediments downstream of Pennwalt and Jones Chemical should be removed, not only 
to facilitate stream recovery but to prevent their discharge to the Trenton 
Channel. 



Field Work By: William Murphy, Enforcement Investigator, 
Enfironmental Enforcement Division 

Frank Horvath, Aquatic Biologist, 
Water Quality Division 

Elwin Evans, Aquatic Biologist, 
Water Quality Division 

Report By: Elwin Evans, PhD 
Aquatic Biologist 
Biology Section 
Water Quality Division 
Department of Natural Resources 
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APPDNDIX V 

Royee E, Smith 
k i ina^mg C,'<:iof 

Duane R. Egeland 
0«3uly M a i i ; i ' ' g Cre i ' c r . 
Oi'eciof ol E.13 r . fc i in j 

Chewier V/ozniaK 
Ass ^'.jni U j n i ^ . n g O.r.Ctor. 
Dwfc i r i c l A3mini5trjtion 

J o h n E. B rcen 
Oirez'.o: ol Lc«al Service, 

J o h n V/. Hubert 
D-re;i3r of Finance 

Rex McCormick 
Deputy Secretary 

Wayne K y ' \ X^: 
County t>>.-^i^^-u 
Public \ y ^ ^ ^ 
Works : - i : . . - ; 

• ' " T ^ ' S ^ 

l U ' k ^ 

SCO Weit :al3/tfle 
Detroit, ^1ic^i52n 
4(225 

313 224, 3S20 

On February 20, 1980, 3;00 p.ja. Bill Murphy of the Department 
of Natural Resources brought in four samples to be tested for 
residual chlorine. The sacples were collected within one half 
of sn hour of analysis. 

X tested the saa^^les as numbered bclo-M*. 

f2 0.5 P-P.M. free cMorine 4-3 P.P.M. total chlorine 
f3 0.1 P.P.M. free chlori-.ie 
f4 9500 P.P.M. free chlorine 9900 P.P.M. total chlorine 
#5 O.'t P.P.M. free chlorir.e 1.4 P.P.M. total ch_jrine 

All samples tested using D.P.D. method of chlorine analysis. 

Ihosias Shoens, Chemist 
Vayne County Public Works 

Q^y^.^^ jk :^ 
TS/cla 
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Apr i l 1977 U.S. V.̂ ^ Di'od-j':;! Spoi l 0 
Guidelines for Great l.il'.cs IlLjri.urs. 
values oLl ier j isc noted. 

•.IH-)--..-!! C r i ' o r i . i Tlor.:;! f icLTtion 
VLTIUGS i n i!ig/kg ory wcicjht, 

Pcrnnicter 

V o l a t i l e so l ids % 
COD 
TKN' 
Oi l & Grease (Hexane Solubles) 
Lead 
Zinc 
Arr.^onia 
Cvariide 
^i^.Gphorus 
Iron 
Nickel 
Hancjancse 
Arsen ic 
CadiniuM 
Cin'OiT.iuni 
Bariuin 
Copper 
Mercury 
Tota l PCB's * * 

Ken 
Polluted 

<5 
</! 0,000 
<1,000 
<1,000 

<AQ 
<90 
<75 
<0.10 

<'i20 

<r/,uoo 
<20 

<300 
<3 

•*r 

<?!5 
<20 
<25 

Moderately 
Polluted 

5-8 
/10-00,C00 

1,000-?,coo 
1,000-2,000 

40-60 
90-200 
75-200 

0.10-0.25 
420-G50 

17,000-25,000 
.20-50 

' 300-500 
3-8 

Tk 

25-75 
20-60 
25-50 

l ieavi ly 
Polluted 

>8 
>80,000 

>2,000 
>2,000 

>60 
>200 
>2C0 

>0.25 
>650 

>25,000 
>50 

>500 
>8 
>6 

>75 
>G0 
>50 

>'I0 

• * ' Lower l i m i t s not establ ished 
* * The p o l l u t i o n a l status o f sediments w i t h t o t a l PCB concent ra t ions between 

1 tind 10 mg/kg 6-y iveigdt w i l l be detennined on a case-by-case bas i s . 
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APPENDIX IX 

WATER QUALITY D l V I . ' r ' l . 
BIOl.nCY S f c r i T i 
S T K i M PKOELf^ A S ^ t : , ' - l t ' i r 

S t a t i o n Nunhi?r A I n v e s t i o ,.toi(s) F i ' ^ . y - . h 'of \ ' f ' . rH^ {.-.Jt.f,rjy„ 
one Jl_J_2_P J i ' j J THE / ^ - ^ O PHOrOGIiAPH WU^SER / / . /"^ , / J 

BODY Of WATER f d ^ f j S ' ± ' j J c J J : L ^ ^ t . K LOCATIOri /? / "J ̂  / ^ V I ^ C*J 

coufiTY [ ' / / j < r ^ W ^ T v r R / ) / S S 

REA55N FOR SURVEY ' ^ P i l C ^ . . .^--y/ iZ-l{.<i /LU-^Jl^/^. ^- frV.'d4-_/l llLSC/L/l^.Cr_f_ J/''< ^^'J^'^^ 

n ( \ - e f i v ' £ i ^ 

V lC im i l lAflD USE: rtostly Fori-st ^•3stty Urban NoU ly «gr icul •.jri- Other / A/ J > S T / ' .' / "' - -

AVE. STREA.'i '.IIOTM 7 m AVE. STREA'I DEPTH / ) , S ' n VELOCITY ^ O . / . ' m i STREA.M k.-n J'.f (̂ "̂  

STRE,V1 SH/iat.'iG: Open P a r t l y Open Shaded STREAM TYPE: C o l d w a t e r Wan:r.vater 

WATER TEH?. S "C A;S TEHP. S ' Z WEATHER; S u n n y - P a r t l y C l o u d y - C l o u d / - Ra iny DA.M u / s : Yes Jlo_ km 

CHAIiMELUEO: Yes No CHArtiEL EROSION: None — S l i g h t — Moderate — Severe HIGH WATER HARK O • ! ( l m 

ID TUF5IDITY: C lea r— S l i g h t l y T j r B ^ d - Tu rb id - Opjcjje tJATER COLOR 

Petro1- ; jn C h : n i c i 1 

Globs 

SECCHI DISC TRANS: 

WATER ODORS: M o r r j l 

SURFACE OILS: Hone 

Sewage 

S l i c k Sheen 

Other 

F lecks 

Cher,ical SEOIHENT ODORS: Norr.a! 

SEDiMEliT OILS: Abse-.t S l i g h t Kcderate 

OEPCSITS: Sludge SdKd'jst Papc r f i be r Sand 

THE UIiDSRStiiES OF STC-,-S '..HiC^ ARE >iOi DEEPLY USEDOEO IN SUEST-ATE BLACK? YES 

Smai je P e t r o l eu.i 

S l i g h t 

SaKd'jst 

A n a e r o b i c 

P r o f u s e 

R e l i c t S h e l l s 

Other 

ether L.Sf< L-.- ^ 

ARE NO A v.: 

FLOi; f 
SUSSTRATE VELOCITY CHAikACTERISTICS PERCENT i'l 1 

TYPE m/scc OR SIZE SiVPLi:;: Ar,EA ! 

BQULOER- >1.E 256 »m ( 10") d ia . 
(>3 fps) 

RUBBLE* >0.6 64-256 m ( 2.1-10") d i * . 
(>2 fps) 

GRAVEL* »0.3 2-64 nm (0.1-2.5") d ia . 
(>l fps) 

SAflD >0.2 0.C6-2.00 mn dia. ^ 
(>0.? fps) Gr i t t y texture 

SILT >O.IZ 0.004-0.006 ra, d ia . 
(»0.4 r^ i ) 

«UCIf,-MU0 -0.12 black, l e r i f ind organic ' ^ 
(.0.4 fps) 

•msEDDEOriESS: 0 = IB)?.E J « 1/3 0^ LESS 2 • 2/3 CR MORE 

SIIBSTF.ATE CHARACTER:S7!CS PERCE'IT l.'l 
TYPE CR SIZE %'r:^?l\'ir: AF.-A 

CLAY Sl ick texture 

KARL Grey, shel l fragments 

DETRITUS St icks, woo'l, coarse ^ 
plant materials ""^ 

FIBROUS Par t i a l l y decomposed 
PEAT plant material 

PULPY Finely divideJ plant 
PEAT mater ia; , oa r t i 

Indist lnquishobl ' j 

j LlWS 1 STICKS 

S'iJJ.A-

PHY rC'^LANKTON 

PERIPHYTON 

FH.Ar£;iTOUS ALGAE 

MACROPHYTES 

U - * 0 ' e n t 

0 

0 

0 

0 

1 -

1 

1 

1 

1 

Sparse 

2 

2 

2 

2 

3 

3 

3 

3 

4 

4 

4 

4 

2 • Moderate 

SLIMES 0 

ZOOPLA-IKTCK 0 

t'ACROt;(VERTEBPj\TES Q 

FISH " 0 

J - Abundant 

1 

1 

1 

1 

2 

Z 

2 

2 

3 4 

3 4 

3 4 

3 4 

4 - Profwse 



FISH GA;tE FISH 

ROUGH FISH 

FORAGE FISH 

A3UATIC PLAllTS PERIPHYTON FILW,EhTOUS ALGAE 

KACROPHYTES 

STREV'SAUK 
VEGETATION: GR.̂ 5SES BRUSH HERBACEOUS CONFERS DECIDUOUS BARREN OTHER 

HACROBENTHOS QUALITATIVE SA'IPLE ZHZCK LIST (irffi lCATE DOMIHA.MT GROUPS) 

sPoiriES 

HYDRA 

FLATIVOR'IS 

R O i : . ' - ' •• 

LEEC-: 

HATER 1ITES 

SOUBUGS 

SCUDS 

CRAYFISH 

SNAILS-LIMPETS 

CLA-1S 

AWATIC EA,-!T,'̂ :;OS.̂ S 

DRAGCHFLIES 

DA'i.SELFLIES 

TRUE BUGS 

BEETLES 

AOUATIC CATTEKPILLARS 

ALDESFLlES 

HELLGSA'IITES 

CRAMEr lES 

NO-SEE-UMS 

BLACKFLIES 

DEERFLIES 

HOSOUITOES 

SNIPEaiES 

RATTAILE3 i';'-;GOTS 

MIDGES 

STONtFLIES 

MAYFLIES 

-BURROV'E'S 

-SHIIWERS 

-CLINGE'.S, S-RAWLERS 

CAC01SFL1E5 

-FREE LIVING 

-PURSE CASE f-AXERS 

- V ' i l CASE -y^ERS 

-SADDLECA5E WKER5 

-NET SPIN-iERS OR RETREATTIAKERS 

NOTES, ETC. 

\ 

^ 

srf^t ioN f\ 

^ T A - J 

f L o i O 
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APPEriDIX X 

HATER QUALITY OIVISIO'I 
BIOll f .Y M - f P ' ; 
SIRfAM P-r,OCLEM A5-jES'..''.lMr 

S t a t i o n H„-b»r .d. lnvestiso:=r(s) >^ / ^ / ^^ S ^ J / ^ ' ^ ' H - ^ ^ ^ ^ K r H ^ 

D-'te --C /.-TJ ,/ ^ J * i ' ^ ' _ 7 ^ J i ' . I ' PMnrrsFAPH MJMQER / » ; ̂ J /::^ / 7 

BODY OF '̂ATER f 'JAti j i -ud. ' rJl '^-2f-f 'Z'<.. ._ \.ow\'i-:\___J^J.\^:3jC\,' j='_:^J 

COUNTY ;y>-?/A ' -~ r f f R/A- s .5" •^'^P Aj.y'.S'^AJ..lJfi-

REAsc-i FOR SURVEY T^'ZC^JL'^.^C/^••'^±UC/?J--.^-'^^'-Oii-^-r:^.T^ '^yX^U:-L<2/'lCr.E.-//f/y.'-''^.'^ 

VIC lN i ;> LAr;o USE: Most ly Fcrpst Most ly l l roan Mos t l y AQr icu l t u re Olner / ^Q i /S - T/^ ' ' ' ^ ̂ - -

AVE. STREW '.nOTH S .n A.E, STRE.'.M DEPTH 0 . 3 m V E L O C I T Y > C • I "X m ; S T K E A . ' ^ km / • ^ O 

STREA.'1 5r(ADINC: Qjen P a r t l y Open Shaded STREA,'! TYPE: Co ldw j :e r H. i r^wi te r 

HATER TEN,?, / / 'C AIR T t : ' ? , _ j 5 ! _ * C HEATHER: S u n n y - P a r t l y C l o u d / - C l o u d y - R j i ny D A H u / $ : Yes £2. ^km 

CHA.N,SELIZED: Yes .No CriA'/iEL cSCSIC'J: None — S l i g h t — ^ d e r a t e — I t i t r z HIGH WATER MASK Q.JJL' '̂  

SECCHI DISC TRA:iS: m TURBIDITY: C l i a r — S l i j h t l y T u r b i d - Turb id - Opo-n.e ly.TE-R COLC: 

Sewage Petro leum Cher.ical 

S l i c k 

HATER 00OP.S: 

SURFACE OILS; 

N o r n j l 

none 

Other 

Sheen Glcbs Flecks 

SEDIME.'lT ODORS: Norr,al 

SEO.'KEra OILS; Absent 

OEPOS'TS: SIud;e 

Sewage Pe^rolewn 

Sl ight 

Sawdust 

Che;iiiC3l Anaerobic 

Modes te Profuse 

Paperf i ter Sand Rel ict Shells 

Other 

Other 

ARE THE U.'ijERSiDES OF .ilC'lES .̂-ICH ASE SJT DEEPLY ISr.EDDED i?. S:.S;TR.ATE 

FLOU 
SU3STRATE VELOCITY CHiWCTERISTICS 9l^.Zl''-'^. IN 

TYrE m/sec OR SIZE SWrLI'lG APEA 

BOULDERS* >1.2 256 m ( 10") d ia . 
(»3 fps) 

RUBBLE* >0.6 64-256 <ir ( 2.1-10") d i a . 
(>2 fps) 

GRAVEL* >0.3 2-64 mi (0.1-2.5") d i a . 
(>I fps) 

SAiND >0.2 0.06-2.00 m dia. t ^ f \ 
(.0.7 fps) Gr i t ty texture ^ ' ' 

SILT >0.12 0.00-1-0.006 im dia. 
( .0.4 fps) 

KUCr-HL'O -0.12 black, very f ind organic £ " 0 
(.0.4 fps) 

*lM3E0DEDr;ESS; 0 = NONE 1 • 1/3 OR LESS 2 = 2/3 CR HOSE 

:LACr-.? YES NO / ^ / ^ 

SL?57R,ATE CHA,RACTERISTICS PERCc.'iT IN 
TYJE OR S'ZE SA,MPtIfJG A?fA 

aAY Slick texture 

MARL Grey, Shell fragments 

DETRITUS St icks, woo-l, coarse 
plant materials 

FIBROUS Par t ia l l y decomposed 
PEAT plant wacerial 

PULPY Finely divideJ plant 
• PtAT m i t e r i j l , r j r t s 

indist inqi i ishabls 

LUGS % STICKS 

BIOTA: 

PhYICPLA;i!<TO.N 

PERIPHYTQN 

FlLAIlt.NTOJS ALGAE 

KACROPKYTtS 

U - ' O ' e n t 

0 

0 

0 

3 

1 - Sp 

1 

1 

1 

) 

i rse 

2 

2 

2 

2 

3 

3 

3 

3 

I 

4 

4 

4 

4 

- Moderate 

SLIMES 

200PLA;4KTOfl 

KACROIKVERTEBRATES 

FISH 

0 

0 

VTES 0 

0 

Abundant 

I 

1 

1 

1 

2 

2 

2 

2 

3 4 

3 4 

3 4 

3 4 

4 - Profuse 



FISH GAME FISH 

ROUGH FISH 

FORAGE FISH 

AQUATIC PLAMTS PERIPHYTON FILAMENTOUS ALGAE 

MACROPHYTES 

STREAMBAMC 
VEGETATIu.'l: GRASSES B=.USH HERBACEOUS CONIFERS DECIDUOUS BARREN OTHER 

KACROBENTilOS QUALITATIVE SAMPLE CHECK LIST (I.NDICATE DOMIWNT GROUPS) 

SPOriGES 

HYDRA 

FLATWR'^S 

ROU."tO'.£K,-13 

LEECHES 

HATER 'tITES 

SCHBUGS 

SCUOS 

CRAYFISH 

SNAILS-LI.IPETS 

. i ; 

DPAGOMFLIES 

OAMSFLFLIES 

TRUE BilGS 

BEETLES 

AQUATIC CATTERPILLARS 

ALOERFLIES 

HELLGP/S1ITES 

CPAflEfLIES 

W-SEE-iJV.S 

BLACKFLIES 

DEERFLIES 

H030UITOE3 

SfllPEFLIES 

RATTAILED MAGGOTS 

MIDGES 

STCr;EFLIE5 

M;YFLIES 

.BlJRRO'r-'ERS 

-SWIMMERS 

-CLItiGESS, SPRA'.-ILERS 

CADDIS'^LIES 

-FREE LIVING 

-PURSE CASE MAKERS 

-TUBE CASE MAKERS 

-SACriLECASE VAKERS 

-NET S P I T ; E R S OR RETREATI-IAKERS 

NOTES, n c . 

A ^ e>''^ib6-e 
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APPENDIX XI 

MiCHriAN O E ^ . ' - ' ^ ' V C N : • " • . • • • : u - : ; oEsnvRCES 
HATER Qi . 'U lTf D I V I S ; : - ; 

"•uH-'-.Y si", 'T:nn 
STi(t-«l rK. . . : : t . i | ASJC'.SME.'iT 

s t a t i o n Nui-Ser C Invest.gator(s) _ . . . ^ ' i ^ J : ' ' ^ ^ . . h ' Q d i ^ ' O ' ' - , 

Dat» ^ 1 1 0 1 ̂ O 'W.y / S ' / S PHOTOGRAPH Ky ' t ^ / < f ^ _ / ? ' ^ . •rljP-

BODY OF •..•ATtR ^ • A ; \ . 0 : y r L l \ l l L > — i 2 / ' £ ^ i ^ LOCATION / ^ / V ^ ^ V I ^ U > 

couMTY_>//-j/Vc Tys_R.'V^",s S I Twp _ _ / ^ ^ ^ i . ' , e A ' / ^ . V 

REASON FOR SURVEY __«vr£?/V.£;S__;''//i=:/',.; ! C ^ ^ U j L £ £ i y . - > : ^ - ^ ' r r - j L . J ' J - ^ - J ^ 2 f - ' ^ . . . J & . i F A ^ - J S ^ 

VICINITY LA.NO USE: J fcs t ly F o r . > t Mos t l y Urban M o s t l y A , ; r i r u l t u r e Other //^J>^^ 7/ //? ^ 

AVE. STREAM IIIDTH ^ Q n AVE. STPE.'.M DEPTH O . J * m VELOCITY _C '^_ /_ tL__r 'S STRE-VI kr. C - J C 

STREAM SIMJii^G; p! ' . i ' \ P a r t l y Open Shaded STREAi'l TYPE- Coldwater Hari>.,-,rer 

WATER TEMP. 7 » 7 'C AIR TEMP. J " 'C HEATHER: S u n n y - P a r t l y C l o u d y - C l o u r f y - Rainy DAi'-l u / $ : Yes ^ \a: 

CHA'lilELlZEO: Yes No CrAlilsEL EROSION: None — S l i g h t — M o d e r a t e — Severe HIGH HATER HARK f > • I S J " 

SELCHI D ISC TRANS: :n TURBIDITY: C lear— S l i - ^h t l , / ' . r b i d - Ty rb id - Op.iqjc '..'ATER COLOR 

WATER ODORS: 

SURFACE OILS: 

Nor.-.j 1 

None 

Sewage 

Slick 

PetroIccTi Chemical Other 

Sheen GlOh', Flecks 

S£0WE-iT COOKS; 

SEDIMENT OILS: 

OEPOS'TS: 

Norral Sewage Petroleur 

Absent Sl ight Mod; rate 

Sludge Sawdust Paperfiber Sand 

ARE THE UNOERSIDES Or ST-r.ES >: : . :H ARE .NO: DEEPLY r.VSECCED ::< SUCST,5ViE 3L,̂ L,<? 

C,'ie'iicil Anaerobic Other 

Pro^jse 

Rel ict Shei l i Other 

,N0 />//? 

SUBSTRATE 
TYPE 

— T L O ; ; — 
VELOCITY 
11/sec 

CHA?.ACTERIST:CS 
OR SIZE 

PERCENT IN 
SC.'̂ i'LING A^;A 

BOULDE.-j*. 

RUBBLE* 

GRAVEL* 

SAND 

SILT 

MUCK-HUD 

. 1 . ; 
( .3 fps) 

>0.6 
(.2 fps) 

.0.3 
(.1 fps) 

:55 n,T ( 10") d i a . 

64-256 HSU ( 2.1-10") d i a . 

2-64 m (0 .1 -2 .5" ) d i a . 

.0.2 O.OS-2,00 mm dia, 
( .0.7 fps) Gr i t t y texture 

.0-12 
(.0.4 fps) 

•0,12 
(.0.4 fps) 

0.004-0.006 mn d i a . 

black, very f ind organic i S 

•mBEOOEDNESS: 0 ' NO.NE 1 » 1/3 0^ LESS 2 ' 2 /3 CR MORE 

SUBSTRATE CHARACTER I .TICS PERCENT IN 
TYPE CR SIZE SA"PLI,N.: A,C:£A 

CLAY S l i c k t e x t u r e 

KARL S rey , s h e l l f rag r .en ts 

DETRITUS S t i c k s , woo. l . coarse 
p l a n t m a t e r i a l s 

FIBROUS P a r t i a l l y decomposed 
PEAT p l a n t m a t e r i a l 

PULPY F ine l y d i v i d e J p l a n t 
PEAT m a t e r i a l , pa r t s 

i n a i s t i n q u i s h a b l : ; 

LOGS % STICKS 

BIOTA: 

PHYTOPLAriKTON 

PERIPKYTOK 

FILA«;ENTOUS ALGAE 

MACROPHYTES 

U - »0' i»nt 

Q 

0 

0 

0 

1 . SPJ 

1 

1 

1 

1 

rs* 

2 

2 

2 

2 

3 

3 

3 

3 

4 

4 

4 

4 

2 - Moderate 

SLIMES 

2OOPLANKT0N 

KACROtNVERTEBRATES 

FISH 

0 1 

0 1 

0 ) 

0 1 

J - Abundant 

2 

2 

2 

2 

3 4 

3 4 

3 4 

3 4 

1 - Pro fuse 



FISH GAi'̂ E FISH 

ROUGH FISH 

FORAGE FISH 

AQUATIC PLANTS PERIPHYTON FILAMENTOUS ALGAE 

MACROPHYTES 

STREAMBANK 
VEGETATION: GRASSES BRUSH HERBACEOUS CONIFERS DECIDUOUS BARREN OTHER 

KACR03ENTHQS QUALITATIVE SA'̂ PLE CHECK LIST (I.NDICATE XMINA,'IT GROUPS) 

SPONGES 

HYORA 

RATSBRMS 

ROUNDWORMS 

LEECHES 

HATER 'IITES 

SOWBUGS 

SCUDS 

CRAYFISH 

S»;AILS-LWPET5 

r 

DR,4G0,NFLIES 

OAMSELFLIES 

TRUE BUGS 

BEETLES 

AQUATIC CATTERPILLARS 

ALOERFLIES 

HELLGRAMITES 

CRANErLIES 

NO-SEE-UMS 

BLACKFLIES 

DEERFLIES 

MOSQUITOES 

SNIPEFLIES 

RATTAILED '••-G-COTS 

MIDGES 

STONEFLIES 

MAYFLIES 

-BURRCVERS 

-SWIMVERS 

-CLINGERS, SPRAMERS 

CACDISFLrES 

-FREE LIVING 

-PURSE CASE MAKERS 

-TUBE CASE MAKERS 

-SADOLECASE MAKERS 

-NET SPINNERS OR RETPEATMAKERS 

. ^n^T SHOTS. (JA' ^ I L f ^ fiu/i^cO. 

gr/^tioN (L 

Fi-ooo 

M X 

C-) y-

0 c i / ^ 

C /V f; f A I C »̂  
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APPENDIX XII 

tiiC"i'.'V. nEPA;5:^c;,r cr NATIII-JL RES^I'RCES 
HATER liUALlIY OIVISI'JN 

BIOLOGY SfCTIOM 
STREAM PRODLfM A3SCSS.MErir 

Statior, ti.irber 3 [nve5tlgd:or(5) <̂ -•/•̂ '? K/ ' ^ / - /J /^V/^ f h ' 

Oa tc _c2 J A J ^ J - ^ ' J ^ f I"t - _ / -tLyS— P*iOT0G,?A,"H K'JIJER 

BUOY OF ,iArER / , ; : '_Xi ly. f : Z-J'J^'.- C A C f . KL . LOCATION / ^ J \ E l \ V I i - . ' - J 

COUNT Y^J/ .Z/ j i y / / . ' ^ TVS' ' / / r S S Tw'i /i^A-Jz^Y^JL^ 

REASON FOR SURVEY_ _ ^ . J " ^ / ^ £ " 3 . ^ r t ^ O r v ' l l ^ ^ L ' t L ^ J L ^ ^ . ' l ^ ' ^ ' . i ^ * ^ 

VIClNin LAND USE; Moiti, rcrrst ,1'ostiy Urbjn Mostly Agritulturt Other / / t / / > / 5 T / T ' • / ' ^ / - • 

AVE, STREA,M mPTH J c g i AVE. STREA.1 DEPTH O, . -^ . '̂  VELOCITY ( g . / : > - ms STREAiM km C ' i j y ^ 

STREAM SHADING: 0;?°n P a r t l y Open Shaded STREAM TYPE: Coldwater H a r m w u e r 

WATER TEMP. 7 7 'C AIR TE.MP. S " *C HEATHER: S u n n y - P a r t l y C l o u d y - C l o ' j d y - R-iiny CAM u / S : Yes Jto_ km 

CHA.NNELIZEO; Yes No CKANIiEL EROSION: None — S l i n h t — Mccerate — Severe HIGH '-ATER :-".RK d . / S " n 

SECCHI DISC T?.',;S: n TURBIDITY: C l e a r — S l i g n t l y T j r ; : : d — T u r b i d — Opaqje IJATER COLOR 

Sewage Pe'.roleu;: i Chcn ica l 

Slick 

HATER 0-iCRS: 

SURFACE OILS 

Nor,rjl 

None 

Pe'.roleu;:i 

Sheen 

Other 

Globs Flecks 

SEDI.":NT OC'ORS: 

SEDIMENT OILS ; 

DEPOS'TS: 

Nomal 

Absent 

Sludge 

Sewage Petrcle'j.Ti 

S l ight Moderate 

Sd«dust Paperfiber Sand 

ARE THE UiiDERjIuES OF irCNEi .."iICH .ARE .'i-lT D-.EFLY IMCEDOEO IN 3UE3Tr,ATE BLACK' YES 

Chs^' ical Anaerob ic ' O ther_ 

Profjse 

Rel ict Shells Other 

MO /W? 
FLO:J 1 

SUESTRATE VELOCITY CHAR/iCTERISTICS PERCENT IN i 
TYPE m/sec OR SIZE SAMPLING AREA i 

BOULDERS* .1.2 256 on ( 10") d ia . 
(.3 fps) 

RUBBLE* .0.6 64-256 sn ( 2.1-10") d ia . 
(>2 fps) 

GRAVEL* .0.3 2-64 m (0.1-2.5-) d ia . 
(>1 fps) 

S/LNO .0.2 0.06-2.00 ir.̂  d ia . 
(.0.7 fps) Gr i t t y texture 

SILT .0.12 0.004-0.006 ran dia. 
(.0.4 fp. , 

KUCK-KUO -0.12 black, very f ind organic 7 S * 
(.0,4 f p j ) 

*IM3E00EDNES<;: 0 » NONE 1 = 1/3 OR LESS 2 ̂  2/3 CR MORE 

SUĴ .TRlTE CHAR,?,CTERiSTICS PERCENT IK 
i Tr?E OR SIZE SAMPLING A,;,EA 

CLAY Slick texture 

KARL Grey, shel l fragments 

DETRITUS St icks, woo.i, coarse ^ 
plant ciaterials 

FIBROUS Par t i a l l y decomposed 
PEAT plant material 

PULPY Finely d<vi''e,| plant 
PEAT mater ia l , oarts 

indist inguishable 

LUUS 1 STICKS 

9'>3J.A-

PHYlOPLANKTOiN 

PERIPHYTON 

FILAMENTOUS ALGAE 

MACROPHYTES 

0 . 'D'»nt 

U 

0 

0 

Q 

1 - Spa 

1 

1 

1 

1 

rsr 

2 

2 

2 

2 

3 

3 

3 

3 

2 

4 

4 

4 

4 

- Modcr4te 

SLIMES 

ZOOPLANKTON 

Ki'iCROI.N'.'ERTEBRATES 

FISH 

0 

0 

0 

'0 

J - Afcundjnt 

1 

1 

1 

1 

2 

2 

2 

2 

3 4 

3 4 

3 4 

3 4 

4 - Pro fuse 



FISH G,V!E FISH 

ROUGH FISH 

FORAGE FISH 

i h- r'' .J 

O N E Q^il l .h/ ' !^^, . ' 2 - / ^ "j l ^NOl^r l Z T / ' c ' S S ^ JO/ / / . : , - , ; ; ^ ,^ 

AQUATIC PLANTS PERIPHYTON FUAJ^ENTOUS ALG/'E 

MACROPHYTES 

STREAMBANK 
VEGETATION: GRASSES BRUSH HERBACEOUS CONIFERS DECIDUOUS BARREN OTHER 

HACROBENTK'OS QU'L ITATIVE SAVPLE CHECK LIST (1,','OICATE DOMINANT GROUPS) 

SPO.NGES 

HYORA 

FLAP,;1"MS 

ROUN:'„'ORMS 

LEECHES 

HUES ".ITES 

SOWBUGS 

sans 

CRAYF; 

sy>: 

a 

* 

DRAGONFLirS 

CAMSFIFIlES 

TR'.'E BUGS 

BEEaES 

AQUATIC CAHERPILLARS 

AlOERFLIES 

HELLGR.;MITES 

rF.Ar;cFL;E3 

m-SEE-UMS 

3LACKFL tES 

DEERFLIES 

MCSQiJITOES 

SNIPEFLIES 

RAHAILEO i-UGGOTS 

MIDGES 

STONEFLIES 

MAYFLIES 

-SURR0HER5 

-S',-'irwERS 

-CLINGERS, SPRAMERS 

CAcniS'LIES 

- fn ' ^ l u i m 

-PURSE CASE MA<E=5 

-TiJEf CASE M£,!;E=S 

-SADPLECASE MAr',?'^. 

-NET SCIMNERS CR PETREATMAKERS 

Fi-o^ 

->> 

9 rofi/-\ 
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APPEMDIX X I I I 
mCHI'.-,AN GEP.-.RT-'E.-T ".r '.AT.-C--'. tfCT/JBCES 
WATER Q'JALIIY DIVISION 

BIOLOr.Y --.FClinN 
STREAM PROBLEM ASSESSMENT 

S t a t i o n Nui-her 

Date J I ^ L O J . IJ'.O. T.VE / * / : / S " 

l n v e s t i . i a t o r ( s ) ^\>'/",K'£j / ^ O r \ / * T/-,' 

P.HiT'C.JRAPM flU^UER 

BODY OF -.Mi^ f . j O . y ^ r - y / i ---•* l^' C f r f ^ l ^ LOCATIO-I h N ^ . T v I . r ---^ 

ccr(TY_//y_/: V/y'^f: •i'iJL.^SJj' €. ' '-*^.S.L^-S.AJL'..^±±. 

REASON FOR SIRVEY jJjA.^^^ Cn 'J rJ '^L^ /''•C.JL E.^i>:^.'' ' i 'r'.^T— J>J. ̂  ̂  /'.t ̂  ^ > ^ ' ^ /A l ^ .d ^-LS 

v IC Ih lT ' i LA,NO USE: MiiscJy F c r - i t M o s t l y Urban Mos t l y A g n c j l t u r e Other f i--/ ̂ ' L/ ~ "^ ̂ , ' /-3 L-

AVE. STREA,--; '-'U'lTH 1 3 c. AVE. STREAM DEPTH ( ? . V m VELOCITY C / 1 ^ ms STREAM km Cj._^.Z 

STREAM SHADING: Qpgn P a r t l y Open Shaded STREAM TYPE: Co ldwate r /J jnr .nater 

WATER T E M P . _ 7 / j 7 °C AI=» TEVJ'- S". L ' t HEATHER; S u n n y - P a r t l y C l o u d y - C l o u d y - R a i n y O.Vi u / s : Yes _N£ km 

CHANNELIZED: Yes No CR'-VIEL EROSiaN: None — Sl i -^h t — M o d e r a t e — Severe HIGH HATER MA.rIK O - / S * "\ 

SECCHI DISC "F.A.iS: - - - a TUF3!DiTY: C l e a r _ S l i g h t l y T u r b i d — T u r b i d - Ojaque '..ATER COLOR 

Cher.ical 

Globs 

WATER 0C-0P5: 

SURFACE OILS 

Noraal 

."•one 

Sewa;e 

Sl ick 

Petroleum Other 

Sheen Flecks 

SEDIMENT ODORS: Noma! Sewage Petrole.jm Chemical 

SEDIMENT OILS: Absent Sl ight Hoiieraie 

OEPOS'TS: S l j d g ; Sawdust Paperfiber Sand 

Anaerobic ' Otner_ 

Profu':e 

Other R e l i c t S h e l l s 

ARE THE 'u.'.GERSICES CF ST.J-.ES o.-iICH A.RE NOT OilPLY I^SEDC'ED IN SUBSTRATE BLACiC? YES NO M 
SUBSTRATE VELCCITY CrAP.A,CTERISTICS PERCENT IN 

TYPE ir./src OR SIZE SAMPLING AREA 

BO'JLDEP.S* .1.2 256 cis ( 10") d ia . 
(>3 fps) 

RUBBLr .0.6 64-256 m ( 2.1-10") d ia . 
(>2 fps) 

GRAVEL* .0.3 2-6- a t (0.1-2.5*) d ia . 
(.1 fps) 

SAHD .0,2 0.05-2.00 no d ia . 
(.0.7 fps) C r i t t y texture 

SILT .0.12 0.0C4-C.0C6 no dia. S " 
(.0.4 fps, 

MUCK-HUn .0.12 black. »ery f ind organic 9 0 
(.0,4 fps) * 

•IMEEDOEDNESS: 0 -- NONf 1 " 1/3 0? LESS 2 = 2/3 CR MORE 

SUBSTRATE CriAnACTERISTICS PERCENT !N 
TfPE OR SIZE SAMPLING A ; E ; 

CLAY Slick texture 

MARL Grey, Shell fragments 

DETRITUS St icks, woo.i, coarse < -
plant nater ia ls 

FIBROUS Par t ia l l y decomposed 
PEAT plant nater la l 

PULPY Finely diviJeJ plant 
PEAT nate. ' ia ! , parts 

indist inguishable 

LCKiS 4 STICKS 

BIOTA: 

PHY rOPLA.'VKTO.'t 

PERIPHYTON 

FILAi-IENTOUS ALGAE 

MACROPHYTES 

U . »o'»nt 

0 \ 

3 \ 

0 1 

Q 1 

I - Sp*r',s 

3 4 

3 4 

3 4 

3 4 

2 - Moderate 

SLIMES 

ZOOPLA.tKTOH 

MACROINVERTEBRATES 

FISH 

_0 

0 

TES 0 

0 

Abundant 

1 

1 

1 

1 

2 

2 

2 

2 

1 

3 4 

3 4 

3 4 

3 4 

- Prof-se 



FISrt GA;IE FISH 

ROUGH FISH 

FOPAGE f ISH 
1 , 1 - r - ' / I 
: J 1 / / • • . L-—• O^T F^LL,^ A-'or 

A'JJJ.TIC PLANTS P£R»'HYTCN FILAI-.STOUJ ALGAE 

MACROPHYTES 

STREAMDANX 

VEGETATION: GR.153;S E:'UiH H;P'!*,'-E''i,5 CONIFERS 0CCID-JCU3 BAPPEN OTHLR 

MACROBENTHOS QUALITATIVE SAMPLE C":CK LIST (INDICATE DOMINANT GROUPS) 

AQUATIC EAP.TW.'ORMS 

I CRA.-JECLIE"̂  

N0-5£E-',"'S 

BLACKFLIES 

DEERFLIES 

MC^QUITQES 

SPO.NGÊ  

HYORA 

FLAT'-'OWS 

RD'.'",'CViCR,'13 

ORAGO.N'FLIES 

DAMSEL FLIES 

TRUE BUGS 

BEETLES 

RATTAILED ^-'GGOTS 

MTDGES 

STONEFLIES 

MAYFLIES 

LEECHES 

RiTER MITES 

AQUATIC CATTERPILLARS 

ALDER'LlES 
1 

SC'-,-- • 1 HELLGP-AMITES 

-BURROS-ERS 

-3'.j["\tERS 

-CLI'.GERS. SPRA.i.E'S 

CArOiS-LIES 

-FREE LIVING 

-PURiE CASE 1A<E=S 

-TUBE CASE MA-<ERS 

-SA.DDLECASE 'MAKERS 

NOTES, ETC. 

SNIPEFLIES 

ST/^.T/^A^ 2) 

-r'ET SPINNERSCRRETR:.-'.T"''.;KER3 

f^LO^J 

lO" i , L f 

^ l/sch'^''':^ 
roller pfiF^^-^^ h/U~^ o'V̂  p/V ^.S-l-<^ 



for land-ownership information, deal with the professionals. 

We have a staff of 50, have been in the business of 
mapping land for 35 years, principally in the Midwest 
serving clients in 16 states and over 550 counties, 
including Pennsylvania and now FLORIDA. 

. . .and we'd like to be of service to you - whether 
you're in the business of banking, farming, real 
estate, insurance, land development, practicing 
conservation, obtaining leases for minerals, land 
or right-of-ways, buying or selling. Our plat book 
coverage wi l l be an aid to you in your business. 
In handy to use 8V2 x 11 size, each book shows by 
township: 

Landowners, acreage (actual shape of parcels) 
Farmsteads, natural features (rivers, lakes, streams) 

Cultural features (railroads, highways, & roads) 

These maps are based on aerial surveys of the land 
and courthouse records, and compiled by experienced 
personnel - to make them as accurate as possible. 
Even a computerized alphabetical index to owners 
that shows landowners name, section and page. 

Of prime importance, of course, is the fact that 
there is just so much land and it is constantly 
changing hands - for farming, development either 
for living purposes, recreation, research, conser
vat ion, etc. 

We at Rockford Map Publishers are ready to help 
acquaint you wi th our unique and informative 
county by county plat books. Write or call for a com
plete list of counties available. 

« • • 

ROCKFORV /AAP PUBLISHERS, Inc. 
P.O.Box 6126 

4525 Forest View Avenue - Rockford, Illinois 61125 
Phone: 815 - 399-4614 

l%iffl,M iPi- >ii>.. 
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BOLLES HARBOR 

DETROIT MEMORIAL PK. 

WYANDOTTE 

METROPOLITAN BEACH 

ST, CLAIR 

T̂ HURON 

PORT SANILAC 

HARBOR BEACH 

PORT AUSTIN 

CASEVILLE 

A U ORES HARBOR 

EAST TAWAS 

HARRISVILLE 

ALPENA MOORING FAC, 

ROGERS CITY 

H A M M O N D BAY 

lEBOYGAN 

CHEBOYGAN LOCK 

BOIS BLANC 

MACKINAC ISLAND 

M A C K I N A W CITY 

BEAVER ISLAND 

HARBOR SPRINGS 

PETOSKEY 

CHARLEVOIX 

BOYNE CITY 

EAST JORDAN 

ELK RAPIDS 

TRAVERSE CITY 

GREILICKVILLE 

SUTTONS BAY 

NORTHPORT 

Lake Erie 

Detroit River 

Detroit River 

Lake Sf, Clair 

St, Clair River 

Lake Huron 

Lake Huron 

Lake Huron 

Lake Huron 

Lake Huron 

Lake Huron 

Lake Huron 

Lake Huron 

Lake Huron 

Lake Huron 

Lake Huron 

Lake Huron 

Cheboygan Inl . 

Lake Huron 

Lake Huron 

Lake Huron 

Lake M ich igan 

Lake M ich igan 

Lake M ich igan 

Lake M ich igan 

Lake M ich igan 

Lake M ich igan 

Lake M ich igan 

Lake M ich igan 

Lake M ich igan 

Lake M ich igan 

Lake M ich igan 
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BOAT LAUNCHING 
IN MICHIGAN 

\ U H C H I N & 4 ^ ^ 

MICHIGAN'S BOAT LAUNCHING RAMP PROGRAM 
Welcome to boating in Michigan! 
Michigan residents and visitors are truly in a Water Wonderland, 

This state has over 11,000 lakes, over 36,000 miles of rivers and 
streams, and over 3,000 miles of Great Lakes shoreline. Michigan is 
the only state which touches four of the five Great Lakes. 

These waters provide recreational opportunities for sportsmen and 
boating enthusiasts, who own and regi.'iter over 500,000 boats. Regis
trations are expected to increase lo 760,000 by 1980, These boaters 
will need ever increasing numbers of launching sites, to provide public 
access to Michigan's waters. 

In 1939, the state legislature first earmarked funds from increased 
fi.shing license fees to purchase water frontage. Acquisition and develop
ment have continued to the present day. Now, however, boat license fees 
and the marine fuel tax support these activities and nearly 1,000 launch
ing sites have been equipped for boaters. Most of these sites are oper
ated by the various divisions of the Department of Natural Resources, 
'^•^hers, owned and operated by local communities, were built under a 

int-in-aid agreement, with the state's Waterways Fund providing up 
to 90% of development costs. 

Some boat launching facilities, particularly those in lieavily populated 
areas, receive so much use that entry fees are collected to pay for 
attendants to keep the sites in order and properly maintained. Fees are 
also charged for general entry to State Parks and Recreation Areas in 
the form of annual or daily vehicle permits. Modest fees are charged at 
some community-owned sites to help pay for operation of the facilities. 
In general, however, most launching sites may be used free. 

BOATING SAFETY TIPS 

For safe and pleasurable boating, the Department of Natural Re-
,sources' Law Division offers the following safe boating tips: 

1. Make sure your boat Ls properly registered and equipped for safety 
each time before you start out onto the water. 

2. Sharp high-si^eed turns and other reckless boating cause serious 
accidents. 

3. Learn the basic "Rules of the Road" on water, including proper 
methods of crossing, meeting, and passing. 

4. Life preservers aren't much good unless you use them. 
5. Standing in a boat can get you wet. 

6. Watch the weather — it will always give you a wamingl 
7. Watch your boat's wake — you are legally responsible for it. 
8. Give the other guy a chance — stay at least 100 feet away from 

docks, rafts, ;inchored and moored boats, swimmers and diver's 
flags — even f.arther if you are towing waterskiers. 

9. Overloading your boat with too large a motor, too many people 
or too much weight is the first step to disaster. 

10. Riding on the bow or gunwale of your boat is dangerous and illegal. 

USING THIS DIRECTORY 
This boat launching ramp directory is designed to aid users of trailer-

borne boats, car-top boats, and canoes in locating places to launch their 
craft. It also lists information concerning each launch ramp and related 
facilities, such as parking, toilets, etc. It should be used with a state 
highway map as a guide. 

The directory includes ramps on inland lakes, rivers and streams, and 
the Great Lakes. Ramps may be within metropolitan areas or up to 
30 miles from the nearest tovm. 

Using the information provided, a boater can choose a launching 
location based on a desired geographical area, an urge to explore new 
waters, the size of the lake, or the quality of the boat ramp itself. 

4. 
^Y'. 

J , - - . 1 " 

EXPLANATION OF COLUMN HEADINGS 

MAP NUMBER-This number refers to the location of the public access 
site on the appropriate map near the tables of information. 

SITE/WATER-Most access sites have names. They usually are the 
same as the name of the lake or other body of water which they serve, 
but in some ca.ses they are named in honor of prominent piersons or 
physical landmarks. The name of the water is also given. 

WATER ACRES—Surface area, in acres, of the inland lake or impound
ment. N/A means Not Applicable and indicates sites on the Great Lakes, 
rivers and streams, CANOES indicates streams th:it are suitable only 
for canoeing, because of stream size or legislation, 

NEAREST TOWN-Using a Michigan state highway map, this will be 
the town nearest the facility. In some cases, this will be in an adjacent 
county. In many cases, you will have to a,sk directions from the local 
townspeople to find the access site. Also, watch for Department of 
Natural Resoiu-ces signs indicating turns and distances to access sites. 

RAMP CODE-This number tells what type of launching ramp the site 
user can expect to find at the access site. The numbers mean: 

1 — A hard surfaced ramp with sufficient water depth to accommodate 
all trailerable watercraft. (Minimum water depth of 2% feet at 
20 feet out from shore.) 

2 — A hard-surfaced ramp, in areas of limited water depth, where 
launching and retrieving of largest watercraft may be difficult. 

3 — A gravel surfaced ramp, suitable for medium-sized and smaller 
boats only. 

4 — A launching area suitable for car-top boats and canoes only. 

TOILETS—"Yes" indicates a public toilet is either at or near the access 
site. "No" means a toilet is not available. 

SPECIAL SITE RULES-To prevent misuse of boat launching facilities, 
it has been necessary to make and enforce rules to insure that the 
access sites are used for their intended purpose, namely recreational 
boating. The letter code for these rules is as follows: 

A — Site is closed 11 p,m, to 4 a.m. No camping, swimming, or loitering. 
No parking in areas so designated. 

B — Site is closed 11 p.m. to 4 a.m. No camping. No parking in areas 
so designated. 

C — No camping. No parking in areas so designated. 

D — No swimming, wading, or loitering from 9 p.m. to 7 a.m. No 
camping at any time. No parking in areas so designated. 

E — Site is closed 11 p.m. to 4 a.m. From 9 p.m. to 7 a.m.: No swim
ming, wading, or loitering. No parking in areas so designated. 

F — A fee is charged for using this facility. 

G — Site open 8 a.m. to 10 p.m. Motor vehicle permit required. 

H — Site open 8 a.m. to 10 p.m. No motor vehicle permit required. 

SPECIAL—One or more of the following apply: parking fee, launching 
fee, closing hours, closing dates. Rules posted at the site. 

SPECIAL WATER RULES- In addition to the general boating regu. 
lations of Michigan, it has been necessary to make rules to control certain 
boating activities on some bodies of water. The number code means: 

1 — Water skiing and high speed boating permitted 10 a.m. to 6:30 
p.m. only. 

2 — Water skiing and high speed boating prohibited on all or part o( 
the body of water. 

3 — No wake speed in certain areas—check locally. 

4 — No motorboats allowed. 

5 — No motorboats allowed in certain areas—check locally. 
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GENL 
1 
2 
3 
4 

b 

Lobdell Lake 

Lake Fenton 

Holloway Reservoir 

Biuegiil 
(CS.MottLake) 

Lake Ponemah 

492 
845 
964 

1,200 

424 

Argentine 

Fenton 

Otisville 

Genesee 

Fenton 

Yes 
Yes 
Yes 

Yes 
Yes 

C 
A 

— 

Special 

A 

— 
— 
— 

— 

15 
50 
85 

150 

— 

WW 
WW 

County 

County 

WW 

LIVINGSTON 
6 

/ 
8 
9 

10 
11 
12 
13 
14 
15 
16 
1/ 
18 
19 

Lake Chemung 

Crooked Lake 

Woodland Lake 

Whitmore Lake 

Bishop Lake 

Appleton Lake 

Goose Lake 

Pike Lake 

Murray Lake 

Hlland Lake 

Duck Lake 

Indian Lakes 

tyre Lake 

.Lake 

321 
252 
290 
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(A) Ramp for use by campers only. No separate parking. 
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(A) Ramp for use by campers only. No separate parking. 
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